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DEDICATION 
To my maternal grandfather, 
George Washington Hollinger I, 
affectionately known as 
"Preacher". 
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INTROilJCTION 
Like most horticultural crops, watermelon acreage has decreased in 
the µ:tst 30 years while yield per acre and total crop value has 
increased significantly {49). Among the 22 primary vegetable and melon 
crops grown in the United States, watermelon ranked second in harvested 
acreage and ninth in total value in 1982. '!he industry produced more 
than 2.6 billion pounds of watermelon in 1981 at a value of 158.9 
million oollars {47). Three states, Florida, Texas and California, 
combined to produce 69% of the crop's total rronetary value in 1980 (45). 
In spite of these facts, the per capita civilian const.nnption of 
watermelons declined fran 15.7 pounds in 1965 to 11.4 pounds in 1980 
before climbing to 12.3 pounds in 1981 (46). 
F.atable quality of watermelon fruit is dependent upon a crisp 
texture, juiciness, deep red flesh color and sweetness {15, 30, 33, 37, 
40, 42). Of these, sweetness or high sugar content is perhaps the most 
important in assuring consumer acceptability. Total percent soluble 
solids, measured by a hand held refractaneter, is the accepted measure 
of sugar content and therefore melon quality. 
Watermelon sweetness can be expressed as a function of the additive 
concentrations of three sugars, fructose, glucose, and sucrose. 'lhese 
sugars differ in their abilities to stimulate the human perception of 
sweet taste; however, refractaneter measurements provide no indication 
of the relative amounts of these component sugars. Knowledge of the 
relative amounts of the component sugars might best be used by the 
watermelon breeder in selecting µ:trental lines for higher sweetness 
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levels. 
All quality traits of the watermelon are cultivar and maturity 
dependent. Elrnstran and Davis (15) suggests that tanperature directly 
effects maturity rate of watermelons. 
'rhe goals of this study were: 
1. To investigate the developnent of sugar profiles (fructose, 
glucose, and sucrose) and flesh color in four watermelon cultivars. 
2. To compare total percent sugar and calculated relative 
sweetness with refractive index values. 
3. To study the relationship between heat unit acc1..m1ulation and 
sugar developnent. 
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RE.VIEW OF LITERA'IURE 
Watermelon Nanenclature 
Fran 1836 to 1948, Citrullus yulgaris Schrad. was the accepted name 
of the watermelon Cl 7) • In 1969, Hama (18) reported that the name 
Citrullus lanatus (Thunberg) had been proposed by Mansfield in 1959; 
however, he also points out that the presently accepted binomial, 
Citrullus lana,tus (Thunberg) Matsumura and Nakai was published by 
Matsumura and Nakai in 1920. 
Watermelon Sugars 
5'weetness is an essential quality trait desired by growers, 
shippers, and consumers of watermelon. This trait is a product of 
fructose, glucose, and sucrose concentrations and is usually ireasured in 
terms of total soluble solids (15, 32, 33). TUcker (44) reports that 
sugars account for most of the soluble solids in a watermelon. Porter 
and Bisson (32) analyzed three 'california Klondike' strains and found 
that variation in the total percent solids measured by a hand held 
ref ractaneter depends largely upon variation in total percent sugar 
content. In 1935, Porter et al. C33) reported a close correlation 
between total soluble solids and total sugars in commercial watermelon 
cultivars. He determined that total soluble solids in extracted 
watermelon juice consists of approximately 85% sugar. High correlations 
between ref ractaneter values for total soluble solids and chanically 
determined sugar contents have stimulated the use of the hand held 
ref ractaneter to measure relative sweetness in watermelons. Nip et al. 
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(30) reported that sweetness values determined by taste panelists were 
significantly correlated Cp <0.01) with percent soluble solids. 
In watermelon, sugar concentration changes as the fruit develops. 
High levels of roonosaccharides or reducing sugars, fructose and glucose, 
are present in inmature fruits. In contrast, the disaccharide sugar, 
sucrose, occurs at higher levels in overripe fruit (15, 32, 33). Porter 
and Bisson (32) found that the ratio of disaccharide to monosaccharide 
increased fran 0.189 in immature fruit, to 0.818 in mature fruit, and 
1. 731 in overripe fruit. Elmstran and Davis (15), using high pressure 
liquid chranatography, found fructose and glucose to be present in 12 
day old fruit. levels increased for 12 roore days and then declined. 
sucrose was found in developing watermelon fruit after 20 days fran 
anthesis. sucrose was still increasing 16 days later. Porter et al. 
(33) detected sucrose in 30 day old fruit using the Quisumbing..JJllanas 
method. 
Relative Sweetness of sugars 
A number of factors contrib.Ite to the difficulties reseachers have 
faced in attempts to quantitate the relative sweetness of sugars as 
perceived by the human sensation of taste. Different individuals vary 
in their sensitivity to sweet compounds (11). Furthermore, each of the 
four primary or fundamental tastes, sweet, sour(acid), salty, and bitter 
C4, 11), is affected differently by temperature variations. The 
perception of sweet taste is most delicate at temperatures approximating 
that of the body C 11) • Results of Hahn as reported by cameron (11) show 
that a 2.3% glycerol solution will evoke a sensation of sweetness at 
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l 7°c while only O .25% is required to achieve the same res1xmse at 37°c. 
Biester et al. (6} determined numerical values of relative 
sweetness for several sugars using the minimum or threshold 
concentration judged to be sweet by 20 panelists. He obtained relative 
sweetness values of 74.3 for glucose and 173.3 for fructose relative to 
100 for sucrose. Biester indicated that these values would not be 
applicable if comparisons of solutions of higher concentrations were 
made. 
The concentration of sugar solutions has been another factor which 
has made quantitating sweetness a difficult process. Renner (36} 
reports that the relative sweetness of sucrose, glucose and fructose 
changes with dilution. Dahlberg and Penczek (12} found similar evidence 
in his study on the effect of variations in concentration upon relative 
sweetness. De:pending on the concentration of sucrose used as the 
standard for comparison, the relative sweetness of glucose ranged f ran 
62.5% to 100%. The relative sweetness of glucose was nearly twice as 
great in high concentration. At a 40% concentration or higher, glucose 
and sucrose had the same degree of sweetness. Fructose was judged 
sweeter than sucrose at all concentrations. r:ahlberg also suggests that 
evaluations of relative sweetness should be based on concentrations 
observed. 
cameron (10} compared 2%, 10%, and 20% sucrose and glucose 
solutions and confirmed that relative sweetness varies with 
concentration. His values for fructose were also in close agreanent 
with Dahlberg and Penczek (12) showing an increase in relative sweetness 
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of fructose with increasing concentration. 
carneron ClO) also reports the findings of Paul who observed that 
the relative sweetness of sucrose, saccharine, and dulcine change with 
concentration. Paul found that less saccharine and dulcine were 
required in mixtures than in hanologous solutions to achieve a given 
sucrose sweetness level. Dahlberg and Penczek (12) also found a 
definite supplanental affect of one sugar on another. In this case, the 
presence of two sugars in the same solution produced a sweetness greater 
than the sum of their two respective sweetnesses. 
It is suggested by carneron Cll) that any conclusions about taste, 
and sweetness, p:trticularly relative sweetness, can represent only 
average opinions. Lichtenstein (25) supports this view when he says 
there is no "a priori reason for assl..IlTling that the relative sweetness of 
a substance can be represented by a single nl..IlTlerical value." He 
obtained relative sweetness values of 65, 71, and 83 for glucose when 
compared to 10%, 25%, and 40% sucrose solutions respectively. He 
concluded that no single value adequately expresses the sweetness of 
glucose. Taste p:tnel subjects p;irticip;iting in Lichtenstein's study 
reported an unpleasant bitter taste in solutions containing high levels 
of glucose. In contrast, no changes in taste were noted in solutions 
containing high levels of sucrose. 
Eisenberg (14), realizing the difficulties associated with 
quantitating the relative sweetness of sugars, used scores of 140-175 
for fructose, 60-75 for glucose and 100 for sucrose. Elrnstran and Davis 
(15) used mid-point values of this scale to calculate average sweetness 
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values for watennelon cultivars. 
Fruit Samples 
Since the watennelon fruit is relatively large in size, sugar 
content varies for different areas within a given fruit. TUcker (44) 
found that soluble solids increased f ran the outer to inner regions of 
the fruit. Using a Zeiss refractaneter, TUcker measured soluble solids 
of 4.1% to 6.8% in juice extracted fran the green area just under the 
rind. Nine or 10% soluble solids was measured in juice fran red flesh 
between the rind and whorls containing seed. While 11% to 15% soluble 
solids were found in areas near the seeds, the core area contained 11% 
to 12% soluble solids. Higher sugar concentrations were found in flesh 
surrounding larger seeds and in tissues leading to seeds when rompared 
to non-seeded areas of the fruit. 
Porter et al. (33) reported a 0.3% difference in total soluble 
solids between juice samples taken f ran the center flesh and the mean 
soluble solids of 7 surrounding regions. A difference of 0.4% soluble 
solids was found between juice f ran center samples and composite 
samples. Soluble solids at the center of irrmature fruits were generally 
higher than soluble solids of composite samples of the same fruit. 
Porter conclured that soluble solids readings f ran the center of the 
watennelon fruit are sufficiently accurate for representing the total 
soluble solids of the mature fruit. 
MacGillivary (27) detennined that the blossan end of the watennelon 
fruit was nearly 2% higher than the stem end in soluble solids. The 
upper flesh was also higher in soluble solids than flesh nearest the 
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ground. He reports that the sector between the rind and the seed region 
was similar in composition to a composite juice sample but suggested 
that the center region should be used for sampling because of the snall 
degree of variation f ran surrounding tissue. 
Internal Color 
According to Zechrneister and Polgar (55), Zechrneister and Tuzson 
isolated lycopene and carotene f ran the µlip of European watermelon 
CCitrullus yulgaris, Schrad. = a.icumis citrullus, L.) and found the 
primary pigment, lycopene, to be responsible for the visual red color. 
Tanes et al. (43} identified and quantitated lycopene, garna-carotene, 
zeta carotene, beta-carotene and phytofluene in 9 red-fleshed watermelon 
strains. Lycopene content was found to be closely correlated with 
visual color. 
Maturity 
In watermelon, optimum eatable quality requires the correct 
combination of crisp tender texture, deep red flesh color, juiciness and 
sweetness. These quality traits are directly related to fruit maturity 
(30, 33} • 
Determination of optimum watermelon maturity can be difficult 
because the fruits exhibit relatively little change in external 
appearance as the mature or ripe stage is approached. Methods which 
have been used to determine fruit maturity include: a change in the 
ground spot color fran a dull white to a creal'I¥ yellCM, the sound 
method, whereby a soft hollCM sound is heard when the melon is 
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"thumped", or browning and drying of the tendrils nearest the fruit (29, 
34, 49). The efficiency of these methods vary among melon harvesters 
and cultivars (29). Nip et al. (30) found that the ground S{X>t color of 
'Charleston Gray' watermelons was significantly correlated with internal 
flesh color and fruit sweetness Cp <0.01). 
Showalter (41) tested the feasibility of using specific gravity as 
a measure of fruit maturity. Although specific gravity decreased as 
soluble solids increased, Showalter did not recommend the use of 
specific gravity as a measure of melon maturity because of variations 
found among individual melons. 
Heat Units 
The heat unit theory was first introduced by Rene A. F. de Reat.nnur 
in the 1730s when he pro{X>sed that plant developnent was correlated with 
the acct.nnulation of daily temperatures in excess of an assumed threshold 
value for plant developnent (13, 48). A more recent definition 
identifies a heat unit or degree day as one degree of mean temperature 
above the base growing temperature of any given crop (3, 7). The 
simplest formula for the calculation of heat units is: 
Maximt.nn + minimt.nn
2
daily temperature _Base temperature 
Results of this formula can be multiplied by 24 to obtain heat units in 
daily degree hours (3, 22, 26, 31). 
The canning industry and producers of canning crops such as peas 
and corn have benefited directly fran the heat unit system as a 
practical means of maintaining an adequate yet manageable supply of raw 
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products for the canning or freezing operation (3, 7, 20, 22, 23, 31, 
38, 39). Producers have made practical use of this system to schedule a 
variety of tasks including planting, harvest and pesticide spray 
programs (39, 48) • 
Researchers have also used the heat unit concept to predict stages 
of developnent and maturity in crops such as grapes (9, 54), southern 
peas (19), lettuce (28), oats (53), and tanato (50, 51). Although food 
producers and agricultural researchers have had major interest in the 
improvement and use of the heat unit theory, entanologists, plant 
pathologists, orinthologists, and zoologists have also found uses for 
the theory (48). 
other investigators have found that temperature is the single most 
important factor affecting the rate of plant growth. Boswell (8) 
presents data which show that higher temperatures reduce the time 
required for developnent but also reduce the yield of garden peas. 
Temperature appears to be the major factor determining the rate of 
maturity in oats (53) and Tokay grapes (54). Katz (20) found that a 
linear relationship exists between heat unit accumulation and 
tenderaneter readings in peas. 
A 1950 report (39) based on resJ;X>nses f ran 75 canning companies 
states: 
••• that the heat unit system (a) made for more orderly 
harvests; (b) was a means for the prevention of bunching of 
harvests and the elimination of slack periods during the canning 
program; Cc) was a definite aid in forecasting and setting up 
factory operations; (d) was a fairly accurate measure of 
performance of different varieties; and (e) was a definite aid 
in quality control. 
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Gilioore and Rogers (16) evaluated 15 irethods for calculating the 
number of heat units required to bring corn cultivars into silk. He 
found that, for corn, correcting for temperatures below the minimum and 
above the optimum for growth, S0°F and 86°F, is an inq)rovement over 
methods where no corrections are made. Use of tanperature readings at 
3-hour intervals to produce a daily mean of eight daily temperature 
periods resulted in less variability than did methods using only daily 
minimums and maximums; however, methods using only daily mininu .. un and 
maximums were recommended for calculation ease. The use of frequent 
temperature readings might provide more accurate daily temperature means 
in locations where wide variations in temperature occur Cl, 20, 28, 31). 
In its original usage, the base or threshold temperature for a 
given crop was identified as that temperature at which growth is not 
possible (7, 23, 28). Daubenmire (13) defines cardinal temperatures as 
"the minimum below which a function is not detectable, the maximum above 
which it is not detectable, and the optimum at which the function 
progresses at maximum velocity." He points out that a cardinal 
temperature is not a fixed point on a temperature scale, b...tt rather it 
covers a range of temperatures. Different functions and various organs 
of the same plant may have different cardinal temperatures, which may 
also vary as a function of plant age and environmental condition. 
Arnold (2) investigated the significance of the base temperature as 
a source of error in heat unit srnnmations and compared several irethods 
of calculating the base temperature. He concluded that the base 
temperature resulting in the lowest coefficient of variation for heat 
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unit summations instead of the base generating the 10t1est standard 
deviation should be used. Arnold also reported that the regression 
coefficient method used by Hoover (19) closely approximates results 
obtained by the coefficient of variation method, and the x-intercept 
method. 
The canning industry has used 40°F and 50°F as the base 
temperatures for peas and corn respectively. Wiggans (53) chose a base 
of 40°F for oats f ran the results of a seed germination test. Madariaga 
and Knott (28) adjusted the base temperature for lettuce to a 
"physiologically justified" temperature after having used the 
coefficient of variation method. others have proposed calculating 
unique base temperatures for each developnental period in a production 
cycle (48). 
Though the heat unit theory has found practical use by sane, it has 
not been free of criticism by others. Went (52) argued that the effect 
of temperature on plant response is too complex to be expressed simply 
as a summation of heat units. 'As an example, he demonstrated the 
dependence of the tanato plant on the proper diurnal distribution of 
heat rather than the total amount of heat to which it is exposed. In a 
study of pea cultivars, Reath and Wittwer (35), found that both 
photoperiod and temperature influence fl0t1ering and vegetative behavior. 
In addition, cultivar interactions were noted. 
Other researchers point to evidence that indicates the grOtlth 
response of plants to temperature is not linear but curvilinear (19, 48, 
52). Shelldrake, as cited by Arnold (2), and Lehenbauer (24) present 
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results showing a curvilinear growth pattern in beans, beets, sweet corn 
and maize. These growth curves seem to follow Van Hoff's law which 
states that the rate of a reaction (growth) doubles for every l0°c 
increase in temperature. HcMever, Phillips (31) reported that results 
similar to the direct (linear) summation were produced when Professor 
Torrie of the University of Wisconsin used the exponential method, which 
takes into account Van Hoff's law. Katz (20) also found a enall 
difference between the results obtained using each method. 
A nlllllber of researches have noted that the heat unit system fails 
to account for the affects of other envirornnental and cultural factors 
such as: the soil envirornnent and its various conditions of fertility, 
type, topography, moisture and drainage; the duration of sunlight and 
solar radiation; wind; vapor pressure deficit; latitude; seed vigor; 
field stand; and depth of planting (3, 7, 31, 39, 48). 
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MATERIALS AND ME'llIOIS 
Procedures 
Seed of four watermelon cultivars, 'Allsweet', 'Charleston Gray', 
'Crimson sweet', and 'Iopride', were planted in the greenhouse on 
April 15, 1982. Plants were grown for 3 to 4 weeks in 5.08 an2 (2 in.2> 
peat p:>ts filled with a 1:1:1 mix of peat, perlite, and soil. Plants 
were transplanted at the Horticulture Station north of .Ames in a 
randomized complete block design replicated three times (Figure 1) • 
Fach of the twelve plots was 36.6 x 12.2 m (120 x 40 ft.) and consisted 
of two experimental rows and two border rows. Border rows reduced cross 
p:>llination between cultivars and buffered experimental rows fran 
tractor lanes. Plants were spaced 1.5 m (5 ft.) within rows and 3 m 
ClO ft.) between rows. 
Field preparation included fertilization with 182.7 kg/h (163 lb/A) 
of diarmnoniurn phosphate (18-46-0) plus 373.2 kg/h (333 lb/A) of 
p:>tassiurn chloride C0-0-60) in a band application. This was followed by 
112.2 kg/h (100 lb/A) of anunoniurn nitrate (33-0-0) prior to flower 
production. Pref ar 4EC and Alanap-L were each applied at a rate of 
11. 7 l/h Cl.25 gal/A) in a tank mix. Both the fertilizer and the 
herbicide mixture were preplant incorporated one week before 
transplanting. Ninety-one and four tenths centimeters (36 in.) wide 
black plastic was laid on all rows prior to transplanting. 
Transplanting occurred May 10. Pach transplant was watered and covered 
with a hot tent the same day it was planted. On May 31 each plant was 
watered with 1 cup of 9-45-15 mixed at a rate of 5 lb/100 gal. 
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Figure 1. 1982 split-plot field design with whole plot randanization 
for 'Allsweet' (AS), 'Charleston Gray' (CG), 'Crimson 
sweet' (CS), and 'Iopride' (IP) 
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FIELD DESIGN 
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After the field planting was established, each of the 12 plots was 
marked to produce a split-plot design with 11 subplots in each whole 
plot. SUbplots were ran00mized and marked to indicate the age of the 
melons to be harvested (Figure 2). Nine subplots contained 4 plants on 
the experimental rows, while the subplots on each end of the whole plots 
contained 6 plants on the experimental row, the outer 2 being border 
plants (Figure 2) • 
To determine the age of a melon, pistillate flowers were tagged at 
anthesis. Watermelons were harvested between 20 and 60 days after 
anthesis at four day intervals. The experimental design required the 
harvest of one melon f ran 3 of the 4 experimental plants per subplot. 
However, this proved difficult to accomplish due to the size of the 
field planting and the fruiting habit of watermelon. After having 
identified and counted those inmature fruits which were not lost to 
natural abortion or other envirornnental factors, fruits were randomly 
assigned a date of harvest in order to insure that each of the 11 
harvest ages was represented. In some cases, this required that more 
than one fruit per plant be harvested. 
In 1983, watermelon cultivars 'Allsweet' and 'Crimson 5'weet' were 
planted in observation plots of Dr. Charles v. Hall at the same location 
as in 1982. Pistillate fla-1ers were tagged at anthesis and 6 
watermelons of each cultivar were harvested at maturity, approximately 
41 days after an thesis for 'All sweet' and 35 days after anthesis for 
'Crimson 5'weet'. 
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Figure 2. 1982 whole plot randomization for 11 developnental stages 
of f ran 20 to 60 days after anthesis 
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WHOLE PLOT DESIGN 
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Sample Extraction 
At harvest the weight of each melon was recorded to the nearest 
tenth of a µ>und. Melons were then transµ>rted to the laboratory where 
a 6 cm cube of flesh was ranoved from the heart of each spherical melon, 
'Crimson sweet' and 'Iopride', and a 4 x 4 x 8 cm piece was taken from 
the heart of cylinder shaped melons, 'Allsweet' and 'Charleston Gray'. 
This was oone by first obtaining a 6-an-thick slice (8 cm slice from 
cylinder shaped melons) from individual melons midway between the 2 
ends. The watermelon slice was then laid flat on a sheet of wax paper. 
A 6 cm2 (4 cm2 for cylinder shaped melons) paper guide was used to cut a 
6 cm cube or a 4 x 4 x 8 cm piece of fruit flesh from the center of the 
melon slice. 
Flesh samples were wrapped in a single layer of cheesecloth and 
placed in a 9 cm diameter µ>tato ricer. A sheet of 9.0 cm diameter 
Whatmans No.l qualitative filter paper was placed in the bottom of the 
µ>tato ricer. The cheesecloth and filter paper reduced the amount of 
pulp in the juice sample. 
One hundred to 150 ml of juice was pressed from each sample and 
collected in a beaker for future use. Juice samples were used to 
determine the carbohydrate content, color, total soluble solids, and pH 
of each melon. 
Juice samples were to be analyzed the same day melons were 
harvested. Howerver, because of the large rn.nnber of samples and other 
unforseen factors, a number of the samples were analyzed for sugar 
content 1 to 12 days after harvest and juice extraction. These samples 
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were stored at 32°F until analyzed, but were not frozen. 
An experiment was conducted in 1983 to determine what effect short 
term storage at 32°F had on watermelon juice carbohydrates. The 
experiment was replicated 6 times. cne melon of each cultivar was 
represented in each replication. Juice was extracted f ran the heart of 
the 12 mature melons using the same procedures used in 1982. Juice fran 
each melon was then partitioned into 6, 4 ml vials so that a different 
vial could be used to represent a different 2-day post harvest storage 
period. This provided for sample independence and reduced sample 
contamination. After 10 days, vials were sampled a second time at 2 to 
3 day intervals until day 23 and a third time at 7 day intervals f ran 
day 23 to day 44. A portion of juice fran each melon was also frozen at 
approximately -22°F. 
Carbohydrate Separations 
A Waters Associates high pressure liquid chranatograph (HPLC) 
consisting of one M6000 pump, U6K injector, Waters NH2 column (!Op, 0.39 
x 30 cm), 1 differential refractaneter R401 (attenuation 8x), and 1 data 
module was used to analyze juice samples for fructose, glucose, and 
sucrose content. For each melon juice sample, a single injection 
ranging f ran 6 to 12 J..1l was made. Juice of less mature melons was 
injected in larger quantities to achieve a 75% recorder deflection. 
Acetonitrile and water (78:22) plus 0.01% tetraethylenepentarnine {TEPA) 
was used as the solvent. A flow rate of 4 ml/min was maintained with an 
analysis time of approximately 5 to 6 min. (Figure 3). In 1983, a 
Waters NH2 column (10µ, 0 .39 x 30 cm) was used. For each juice sample a 
22 
Figure 3. HPLC chromatogram of watermelon juice carbohydrates. Peaks 
1, 2, and 3 are fructose, glucose, and sucrose, 
respectively 
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5 µl injection was made. Acetonitrile and water (76:24) plus 0.01% TEPA 
was used as the solvent with a flCM rate of 5 ml/min and analysis time 
of 5 min. 
Amounts of fructose, glucose, and sucrose were recorded in grams 
per hundred milliliters on juice as determined by the formula, 
Amount of sugar injected Cµg> 
Volume injected Cµl> x 10 
The amount of sugar injected is a measure of the peak area of the 
chranatogram related to a standard curve for each sugar. The data 
module integrated peak area and expressed the amount of each injected 
sugar in µg. The volume injected represents the amount of melon juice 
injected into the systan. When the amount of sugar injected is divided 
by the volume injected, the sample's sugar concentration is determined 
as µg sugar/µ1 of juice. The units µg/µ1 are equivalent to g/1 or 
g/1000 ml. Division of both the numerator, amount of sugar injected, 
and denominator, volume injected, by 10 converts 1 g/1000 ml to 0.1 
g/lOOml. This is also achieved by multiplying the volume injected by 10 
and dividing the product into the amount of sugar injected as indicated 
in the above formula. If the density of watermelon juice is assumed to 
equal the density of water, 1 g/rnl then g/lOOml equals g sugar/100 g 
sample or percent sugar. 
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Relative sweetness Index 
sweetness values were calculated based on relative mveetness values 
reported ~ Eisenberg (14). Fructose was given a value of 157 .5 and 
glucose a value of 67.5. sucrose was assigned a value of 100. 
Stmunation of the relative mveetness values times the percent of each 
cornporent sugar in a sample provides a sample mveetness index value. 
For example, the relative mveetness index for a watermelon sample 
containing 4.lg fructose, 2.5g glucose, and l.7g of sucrose is 
calculated as follows; 
Fructose: 
Glucose: 
Sucrose: 
4.lg x 157.5 = 645.75 
2.5g X 67.5 = 168.75 
l.7g x 100.0 = 170.00 
Relative sweetness Index = 984.50 
Samples with high fructose concentrations produce higher mveetness 
values than might normally be predicted with a hand held refractaneter 
or total sugar. 
Total Soluble Solids 
Total soluble solids were determined using an American Optical 
autanatic temperature compensated hand held refractaneter, model 10423. 
One to two drops of juice were placed on the measuring prism with a 
disposable pipette. Soluble solids were recorded to the rearest tenth 
of a degree Brix. Degrees Brix is roughly equivalent to percent soluble 
sol ids { 21> • 
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Internal Color 
The flesh color of each melon was quantitatively determined based 
on measuranent of juice CX>lor using a Hunterlab Tristimulus Colorimeter, 
model D25A-9. Seventy-five rnilliters of juice were slCMly :poured into a 
63.5 rnn diameter specimen cell, to minimize bubble formation. The cell 
was placed over the specimen :port of the optical sensor. Values for 
color were recorded using the Hunter scale L, a, and b in a hitching 
:post mode. Tomato CX>lor standard no. C20-1341 with L = 26.10, a= 27.4 
and b = 12.3 was used to standardize the instrument. The 'L' scale 
measures lightness and ranges fran 0 for black to 100 for white. The 
'a' scale measures the degree of redness when :positive and greenness 
when negative. The 'b' scale measures yellCMness when :positive and 
blueness when negative. The degree of redness, the :positive value of 
'a', was of primary CX>ncern in this research. 
pH 
The pH of watermelon juice samples was determined with a Corning 
135 pH/Ion Meter. Values for pH were recorded to the nearest tenth. 
Heat Units 
The ambient air tanperature was recorded at the Horticulture 
Station with a Belfort hygro-thermograph located approximately 365 rn 
(400 yards) fran the field planting. Minimum and maximum tanperatures 
were reCX>rded at two hour intervals and converted to heat units by the 
formula, 
Maxim · · ~hr + Miru.mum2hr - Base Temperature 
2 
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where, Maxim~hr is the maximum tanperature C°F> and Mini~hr is the 
minimum tanperature for a given two hour interval (Method II). Lorenz 
and Maynard (26) reports that 65°F is the minimum growing temperature 
for watermelon, and 60°F is the minimum tanperature for seed 
germination. Both tanperatures were used to calculate heat units. 
Il:lily heat units were calculated by taking the mean of the twelve heat 
unit values for a given day. In addition, heat units were calculated 
using the daily maximum and minimum tanperatures (Method I). Heat units 
were recorded f ran the day of anthesis to the day of harvest for each 
melon. 
Statistical Analysis 
The split plot design of this experiment has the model: 
Y. 'k = u + R. + C· + RC·· + 'A. + CA_,k + e· 'k lJ -1 J lJ ·x -~ lJ 
where, 
Yijk = observation for the ith replication, of jth cultivar at kth 
age. 
u = the overall mean. 
R. = the effect of the ith replication. 
l 
Cj = the effect of the jth cultivar. 
RC. · = the interaction effect of the ith replication and jth 
l] 
cultivar. 
1\ = the effect of the kth age. 
CAjk = the interaction effect of the jth cultivar and kth age. 
e. 'k = the residual. 
l] 
i = 1,2,3 j = 1 - 4 k = 1 - 11. 
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The experimental design contained 132 experimental units. For each 
variable each experimental unit represents a mean of 1, 2, or 3 
watermelons. There were 11 missing observations (experimental units) 
for all varibles. The variables fructose, glucose, and sucrose each had 
an additional 9 missing observations. 
Estimates of missing observations were calculated to fit the above 
model using the SAS (Statistical Analysis System) program, PROC GLM. 
Estimators of the p:irameters u, R., c., RC .. , A., and CAJ.k were taken ]. J l.J -1< 
f rcm the SAS output. For example, the estimate CY) for the missing 
observation of the first replication, second cultivar and third age, 
i.e. the 1-2-3 cell, was calculated using the equation: 
y 123 = u + Rl + S + RC12 + ~ + CAi3 • 
The values of u, 11,r Sr RC12, ~' and ~3 are the least s;iuare 
estimators of the corresp:>nding p:irarneters, u, R., c ., RC . . , A., and ]. J l.J -1< 
CAjk• After estimates of all missing observations for each variable 
were calculated they were inserted into the data set. The PROC N:UVA 
and PROC GLM statements of SAS were then used to obtain the analysis of 
variance tables presented. 
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RESULTS AND DISOJSSION 
sugar Analysis 
Fructose 
The four cultivars appear similar in fructose production 
(Figure 4). However, the analysis of variance suggests that highly 
significant differences exist among cultivar means (Table 1). Cultivar 
means for fructose concentration produced f ran 20 to 60 days after 
anthesis are presented in Table 2. A runcan's Multiple Range test 
shCMed that 'Allsweet' produced significantly rrore fructose than the 
other cultivars. In contrast, 'Charleston Gray' produced a 
significantly lCMer mean fructose concentration than both 'Allsweet' and 
'Iopride'. 'Crimson sweet' and 'Iopride' did not differ significantly 
in their mean fructose concentration. 
A highly significant Cp = <0.01) quadratic effect for age which 
accounts for 71% of the variation in fructose f ran 20 to 60 days after 
anthesis was observed (Table 1). '!he quadratic effect is shCMn in 
Figure 4 as an O\Terall increase of fructose in the fruit tissue of each 
cultivar f ran 20 to 36 days after anthesis follCMed by a decline in 
fructose thereafter. 
The cubic effect for age is also highly significant, but accounts 
for only 10% of the total variation in fructose during the 40 day period 
(Table 1) • This effect might be explained by the leveling of the 
fructose curve fran day 48 to day 56 in 'Allsweet' and 'Crimson sweet' 
and the increase of fructose concentration in 'Iopride' fran day 52 to 
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Figure 4. Fructose concentration for 11 developnental stages of four watermelon cultivars. 
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Table 1. Analysis of variance of 1982 watermelon data for the variable 
fructose 
source Degrees SUm of Percent Mean F of f reedorn s;iuares of total s;iuare 
Replication 2 0.07 0.03 0.73 
CUltivar 3 2.42 0.81 16.20** 
Rep*CUl[Error(a)] 6 0.27 0.05 
Age 10 34.83 100% 3.48 24.86** 
Linear 1 1.52 4% 1.52 10.86** 
Quadratic 1 24.57 71% 24.57 175.50** 
cubic 1 3.59 10% 3.59 25.64** 
Quartic 1 0.75 2% 0.75 5.35* 
Deviations 6 4.40 13% 0.73 5.21** 
Cul*Age 30 5.61 100% 0.19 1.38 
CUl*Age Linear 3 1.36 24% 0.45 3.24* 
CUl*Age Quadratic 3 0.64 11% 0.21 1.52 
CUl*Age CUbic 3 1.46 26% 0.49 3.50* 
CUl*Age Quartic 3 0.48 9% 0.16 1.14 
Remainder 18 1.67 30% 0.09 0.64 
Residual[Error(b)l 601 8.13 0.14 
Total 111 
1negrees of freedom reduced f ran 80 to 60 due to missing data. 
*Significant at the 5 percent level. 
**Significant at the 1 percent level. 
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Table 2. Cultivar means for fructose concentration (g/lOOg of juice} 
CUltivar 
All sweet 
Iopride 
Crimson sweet 
Charleston Gray 
S.E. 2 
Fructose1 
4.31 a 
4.08 b 
4.06 be 
3.94 c 
0.06 
1nuncan's Multiple Range test of cultivar means, n = 33; values 
with the same letter are not significantly different at the 5 percent 
level. 
2s.E. = -&;;; = standard error of difference between two cultivar 
means. 
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day 56. 
Although the cubic and linear components of age are significant at 
the 1% level, the quadratic effect explains significantly rore of the 
variation of fructose among age means. The equation, 
Y = -0.640 + 0.2527X - 0.0030SX2, 
explains the mean change in fructose concentration (Y) fran 20 to 60 
days after anthesis (X) for the four cultivars. 
'All&"Weet' maintains relatively stable concentrations of fructose 
f ran 32 to 44 days after anthesis while the other three cultivars show a 
reduction in fructose between day 36 and 40. '!'his may indicate that 
'All&"Weet' is able to either transport fructose into the fruit tissue at 
a stable rate for a longer period or it consumes fructose in the 
production of sucrose at a slower rate relative to the other cultivars. 
The stable levels of fructose contritute to 'All&'Weet's' extended 
postharvest quality. 
The linear and cubic cultivar x age interactions are statistically 
significant at the 5% level (Table l>. These interactions, however, are 
not considered important in a practical sense when the small interaction 
variance ratios CF-values) are compared to the main effect variance 
ratios for age, which are much larger in magnitude (Table 1). 
The equation, 
Y = 0.3852 + 0.2430A - 0.7056C - 0.0031A2 + 0.0984c2 + 0.0039AC, 
where, A is age and C is cultivar, describes a quadratic response 
surf ace for fructose production CY) fran 20 to 60 days after anthesis. 
This equation is only applicable for the cultivars 'All&"Weet', 
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'Charleston Gray', 'Crimson sweet', and 'Iopride' when coded as 1, 2, 3, 
and 4, respectively. 
Glucose 
The cultivars also show the same general trends in their production 
of glucose as shown in Figure 5. An analysis of variance for glucose 
concentration indicates that highly significant differences exist among 
cultivar means (Table 3). Cultivar glucose concentration means produced 
during the 40 day period are shown in Table 4. 'All&"Weet' produced 
significantly greater amounts of glucose, while 'Charleston Gray' 
produced significantly lower mean glucose concentrations when compared 
to all other cultivars. 'Crimson sweet' and 'Iopride' produced the same 
mean glucose concentrations. 
The analysis of variance shows highly significant linear and 
quadratic effects for age. These effects account for 29% and 47% of the 
total variation in glucose, respectively (Table 3). The linear effect 
for age can be seen in Figure 5 as the overall decrease in glucose from 
day 20 to day 60 for the four cultivars sampled. The quadratic age 
effect may be explained by the overall increase in glucose from day 20 
to day 36, followed by a general decline in glucose production for the 
four cultivars thereafter. Glucose production trends are similar to 
those of fructose (Figure 4}; however, glucose concentrations were 
consistently lower than fructose. 
The cubic and quartic age effects are statistically significant. 
Combined they account for only 8% of the variation in glucose due to the 
age effect. For this reason these effects are not considered to be of 
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Figure 5. Glucose concentration for 11 developnental stages of four watermelon cultivars. 
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Table 3. Analysis of variance of 1982 watermelon data for the variable 
glucose 
Source Degrees SUm of Percent Mean F of f reedcm Siuares of total Siuare 
Replication 2 0.94 0.48 8.06* 
CUltivar 3 11.08 3.69 61.50** 
Rep*CU![Error{a)] 6 0.35 0.06 
Age 10 44.63 100% 4.46 40.55** 
Linear 1 12.80 29% 12.80 116.36** 
Quadratic 1 20.79 47% 20.79 189.00** 
cubic 1 2.90 6% 2.90 26.36** 
Quartic 1 0.88 2% 0.88 8.00** 
Deviations 6 7.26 16% 1.21 11.00** 
CUl*Age 30 5.37 100% 0.18 1.65* 
CU!*Age Linear 3 0.73 20% 0.24 2.18 
CU!*Age Quadratic 3 1.11 21% 0.37 2.64 
CUl*Age CUbic 3 0.97 18% 0.32 2.91* 
CUl*Age Quartic 3 1.09 20% 0.36 2.57 
Remainder 18 3.90 72% 0.23 2.09 
Residual[Error{b)J 601 6.52 0.11 
Total 111 
1negrees of freedom reduced f ran 80 to 60 due to missing data. 
*Significant at the 5 percent level. 
**Significant at the 1 percent level. 
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Table 4. CUltivar means for glucose concentration Cg/lOOg of juice) 
Cul ti var Glucose1 
All sweet 3.06 a 
Crimson sweet 2.53 b 
Iopride 2.53 b 
Charleston Gray 2.26 c 
S.E. 2 0.06 
1Duncan's Multiple Range test of cultivar means, n = 33; values 
with the same letter are not significantly different at the 5 percent 
level. 
2s.E. = ~ = standard error of difference between two cultivar 
means. 
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primary importance in describing glucose production f ran 20 to 60 days 
after anthesis. Change in glucose concentration (Y) as a function of 
age (X) for the four cultivars sampled may be best explained by the 
equation, 
Y = -o.467 + o.2ooox - o.002a1x2• 
The cubic cultivar by age interaction is statistically significant 
at the 5% level tut is not important because of the very small variance 
ratio. 
The quadratic res,Ex:mse surface for glucose production CY) is 
described by the equation, 
y = 1.3034 + 0.1890A - l.3111C - 0.0028A2 + o.201oc2 + 0.0044AC 
where A is age and C is cultivar. The equation only applies when 
'Allsweet', 'Charleston Gray', 'Crimson sweet', and 'Iopride' are coded 
as 1, 2, 3, and 4, respectively. 
sucrose 
Unlike fructose or glucose, sucrose begins to appear in the fruit 
tissue just prior to 20 days after anthesis and increases slowly until 
the 40th day. &lcrose accumulates rapidly fran 40 to 60 days after 
anthesis (Figure 6) • The analysis of variance for sucrose shows that 
cultivars are not significantly different (Table 5). However, a 
n..incan's Multiple Range test indicates that 'Charleston Gray' produced a 
significantly higher mean sucrose concentration than 'Allsweet' and 
'Iopride'. The sucrose concentration of 'Crimson sweet' was not 
significantly different from the other cultivars (Table 6). 
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Figure 6. sucrose concentration for 11 developnental stages of four watermelon cultivars. 
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Table 5. Analysis of variance of 1982 watermelon data for the variable 
sucrose 
source Degrees Slml. of Percent Mean F of freedom ~uares of total ~uare 
Replication 2 2.97 1.49 1.31 
Cul ti var 3 11.27 3.76 3.30 
Rep*Cul[Error(a)] 6 6.83 1.14 
Age 10 288.42 100% 28.84 120.17** 
Linear 1 267.60 92% 267.60 1115.00** 
Quadratic 1 14.63 5% 14.63 60.96** 
CUbic 1 1.86 1% 1.86 7.75** 
Quartic 1 2.51 1% 2.51 10.46** 
Deviation 6 1.82 1% 0.30 0.80 
Cul*Age 30 14.45 100% 0.48 2.00 
Cul*Age Linear 3 2.71 19% 0.90 3.75* 
Cul*Age Quadratic 3 3.30 23% 1.10 4.58** 
Cul*Age CUbic 3 0.68 5% 0.23 0.96 
Cul*Age Quartic 3 0.41 3% 0.14 0.58 
Remainder 18 7.35 50% 0.41 1.71 
Residual[Error(b)l 601 14.19 0.24 
Total 111 
10egrees of freedom reduced from 80 to 60 due to missing data. 
*Significant at the 5 percent level. 
**Significant at the 1 percent level. 
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Table 6. CUltivar means for sucrose concentration Cg/lOOg of juice) 
CUltivar 
Charleston Gray 
Crimson sweet 
Iopride 
All sweet 
S.E. 2 
SUcrose1 
2.23 a 
1.74 ab 
1.54 b 
1.49 b 
0.26 
1Duncan's Multiple Range test of cultivar means, n = 33; values 
with the same letter are not significantly different at the 5 percent 
level. 
2s.E. = ~ = standard error of difference between two cultivar 
means. 
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A highly significant Cp = <0.01) linear effect for age which 
accounts for 92% of the total variation in sucrose was observed (Table 
5). This is due to the overall increase in sucrose fran 20 to 60 days 
after anthesis for each of the cultivars (Figure 6). The highly 
significant quadratic effect for age explains 5% of the variation in 
sucrose. This quadratic effect is caused by the concavity of the 
sucrose curves between day 20 and day 60. 'l'he equation, 
Y = 0.641 - 0.0759X + 0.00236X2, 
predicts the mean change in sucrose (Y) during the 40 day period (X) for 
the four cultivars sampled. 
The linear and quadratic cultivar x age interactions are 
statistically significant at the 5% and 1% levels, respectively. 'l'bese 
interactions are probably caused by the observed differences in sucrose 
production curves for 'Allsweet', 'Crimson sweet' and 'Iopride' between 
day 28 and day 40 and again between days 52 and 60. It is suspected 
that these interactions may be caused by the :EX>Stharvest storage of 
juice samples prior to analysis rather than an indication of significant 
biological differences in sucrose production for these cultivars. The 
equation, 
Y = 0.0341 - 0.0881A + 0.9487C + 0.0024A2 - 0.2353c2 + 0.0049AC, 
where A is age and C is cultivar, describes a quadratic res:EX>nse surface 
representing sucrose production (Y) for the cultivars 'Allsweet', 
'Charleston Gray', 'Crimson sweet', and 'Iopride' when coded as 1, 2, 3, 
and 4, respectively. 
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Total Sugar 
Total sugar concentration is calculated by adding the 
concentrations of fructose, glucose, and sucrose, for each watermelon 
sample. Changes in total sugar for the four cultivars are shavn in 
Figure 7. An analysis of variance for total sugars suggests that no 
significant differences exist among cultivar means (Table 7). Mean 
separation by D.Jncan's Multiple Range test indicates that the mean total 
sugar content of 'Allsweet' and 'Iopride' are significantly different 
(Table 8). 
The linear and quadratic effects for age are highly significant 
Cp = <0.01) and account for 77% and 13% of the total variation in total 
sugar (Table 7) • The overall increase in total sugar content f ran day 
20 to day 60 for the four cultivars produced a significant linear 
effect. The steep increase in total sugar f ran day 20 to day 36 
followed by a more gradual increase in total sugar f ran day 36 to day 60 
explains the quadratic effect. The cubic effect for age is also 
significant at the 1% level b.lt accounts for only 2% of the variation in 
total sugar. This effect might be caused by the slight concave shape in 
the curve fran day 36 to day 40. The drop in total sugar after day 36 
in 'Allsweet', 'Crimson sweet', and 'Iopride' corresponds to reduced 
fructose and glucose production (Figures 4 and 5). Losses of sucrose 
also occurred between days 32 and 40; however, these losses may have 
resulted when samples were held in storage for an extended period prior 
to analysis (Figure 6) • 
47 
Figure 7. 'lbtal sugar concentration for 11 developnental stages of four watermelon cultivars. 
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Table 7. Analysis of variance of 1982 watermelon data for total sugars 
Source Degrees SUm of Percent Mean F of f reedan S}uares of total S}uare 
Replication 2 a.96 a.48 a.43 
CUltivar 3 8.85 2.95 2.64 
Rep*Cul[Error(a)] 6 6.71 1.12 
Age la 258.71 la0% 25.87 43 .43** 
Linear 1 198.52 77% 198.52 333.25** 
Quadratic 1 33.35 13% 33.45 55.98** 
CUbic 1 5.34 2% 5.34 8.9a** 
Quartic 1 a.a3 a.al% a.a3 a.as 
Deviations 6 21.47 8% 3.58 5.97** 
Cul*Age 3a 25.89 la0% a.86 1.45 
CUl*Age Linear 3 5.31 21% 1.77 2.97* 
Cul*Age Quadratic 3 3.94 15% 1.31 2.18 
CUl*Age CUbic 3 2.57 10% a.87 1.45 
CUl*Age Quartic 3 2.56 10% a.85 1.42 
Remainder 18 11.51 44% a.64 l.a6 
Residual[Error(b)] 601 35.74 a.6a 
Total 111 
1negrees of freedan reduced f ran 8a to 6a due to missing data. 
*Significant at the 5 percent level. 
**Significant at the 1 percent level. 
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Table 8. Cultivar means for total sugar concentration (g/lOOg juice) 
Cul ti var 
All sweet 
Charleston Gray 
Crimson sweet 
Iopride 
S.E. 2 
Total 
SUgar1 
8.85 a 
8.40 ab 
8.33 ab 
8.15 b 
0.26 
1nuncan's Multiple Range test of cultivar means, n = 33; values 
with the same letter are not significantly different at the 5 percent 
level. 
2s.E. = -~ = standard error of difference between two cultivar 
means. 
51 
For the four cultivars sampled, changes in total sugar production 
CY) f ran 20 to 60 days after anthesis (X) may best be explained by the 
quadratic equation, 
Y = -0.566 + 0.3815X - 0.00356X2• 
The linear cultivar x age interaction is statistically significant 
at the 5% level tut is not considered important in a practical sense. 
The equation, 
Y = 1.6186 + 0.3491A - l.0791C - 0.0036A2 + 0.0684c2 + 0.0130AC, 
where, A is age and C is cultivar, describes the quadratic resµ:mse 
surf ace for total sugar production (Y) during the 40 day period. This 
equation is only applicable for the cultivars 'Allsweet', 'Olarleston 
Grcry', 'Crimson sweet', and 'Iopride' when coded as 1, 2, 3, and 4, 
respectively. 
Watermelon carbohydrate component means are sham in Table 9. 
Fructose concentration is greater than glucose at all stages of 
developnent and is exceeded by sucrose at 60 days after anthesis. 
sucrose concentration exceeds glucose production 48 days after anthesis. 
Fructose is the most abundant watermelon carbohydrate f ran 36 to 48 days 
after anthesis when these cultivars are at optimum eatable quality. 
The reducing sugar pool, fructose and glucose, is present at higher 
concentrations than the nonreducing sugar, sucrose, throughout the 40 
day period. Reducing sugars comprise 98% of total sugar content at day 
20 and decreases to 56% by day 60. These results suggest that sucrose 
can be detected in the heart of fruit tissue about 20 days after 
anthesis. Elmstran and Davis (15) found sucrose in developing 
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Table 9. Watermel£n carbohydrate component means for 11 developnental 
periods 
Age, days sugars, g/100 g juice Percent of total sugar 
after 
anthesis F G s FGS F G s FG 
20 3.2 2.4 0.1 5.7 55 43 2 98 
24 3.3 2.4 0.2 5.8 57 40 3 97 
28 4.1 3.1 0.4 7.6 54 40 6 94 
32 4.7 3.2 0.7 8.6 54 37 9 91 
36 4.9 3.7 0.6 9.2 53 40 7 93 
40 4.6 2.8 1.2 8.6 53 33 14 86 
44 4.5 2.8 1.7 9.0 49 32 19 81 
48 4.1 2.3 2.8 9.1 44 25 31 69 
52 4.0 2.1 3.3 9.3 42 23 35 65 
56 4.1 2.1 3.9 10.2 40 21 39 61 
60 3.7 1.6 4.2 9.6 39 17 44 56 
1F is fructose, G is glucose, S is sucrose, FGS is total sugar, and 
FG is fructose plus glucose. 
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watermelon fruit 24 days after anthesis with no sucrose present on day 
20. 
Based on these results, which are similar to those of El.mstran and 
Davis (15) and Porter et al. (33), it could be argued that reducing 
sugars, fructose and glucose, are the major forms of carbohydrates 
translocated into fruit tissue as photosynthetic products to be used in 
respiration, structural tissue developnent and other metabolic 
processes. 'As the watermelon fruit reaches maturity and its rate of 
metabolic activity decreases, single molecules of fructose and glucose 
combine in a 1:1 ratio to form single molecules of sucrose. 
Concentrations of fructose and glucose decrease fran 36 to 40 days after 
anthesis while sucrose more than ooubles in concentration (Table 9). 
'Charleston Gray' has the lCMest concentration of fructose and 
glucose fran about day 28 to 60, while it has the highest concentration 
of sucrose (Figures 2, 3, and 4). These results suggest that 
'Charleston Gray' converts fructose and glucose to sucrose at a faster 
rate than 'Allsweet,' 'Crimson 5Weet' and 'Iopride.' Changes in the 
ratio of reducing sugars to the nonreducing sugar, sucrose as shc:Mn in 
Table 10, also indicates that sucrose concentration increases at a 
faster rate in 'Charleston Gray'. 
Relative 5Weetness Index 
Relative sweetness values for each cultivar are presented in Table 
11 and Figure 8. An analysis of the data indicates that no significant 
differences exist among cultivar means for relative &Weetness (Table 
12). Cultivar means for relative sweetness are presented in Table 13. 
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Table 10. Ratio of total reducing sugars, fructose plus 
gluCX>se to the nonreducing sugar sucrose in 
4 cultivars of wateonelons harvested at 11 
stages of developnent 
Age, days CUltivar 
after 
anthesis All sweet Charleston Crimson Iopride Gray S.,eet 
20 25.7 84.9 71.0 44.0 
24 27.8 24.6 47.3 51.5 
28 23.7 9.8 19.6 25.1 
32 12.5 4.7 25.0 17.1 
36 12.5 12.2 9.0 68.2 
40 24.2 2.8 5.0 13.0 
44 6.3 2.3 4.4 5.9 
48 2.7 1.9 2.2 2.4 
52 2.5 1.5 1.5 2.1 
56 1.8 1.2 1.7 1.7 
60 1.6 1.0 1.4 1.1 
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Table 11. Relative &Weetness index values for 4 watermelon 
cultivars harvested at 11 stages of developnent 
Age, days CUltivar 
after 
anthesis All sweet Charleston Crimson Iopride Gray ::Meet 
20 819 704 516 651 
24 782 737 643 626 
28 861 891 965 875 
32 1088 1007 1028 996 
36 1149 994 1106 1067 
40 1048 1097 1046 922 
44 1133 1079 1020 1032 
48 1076 1054 1069 1092 
52 1100 1093 1161 1014 
56 1214 1155 1165 1200 
60 1098 1108 1105 1165 
56 
Figure 8. Relative sweetness index values for 11 developnental stages of four watermelon cultivars. 
'Allsweet' (AS), 'Charleston Gray' (CG), 'Crimson Sweet' (CS), and 'Iopride' (IP) 
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Table 12. Analysis of variance of 1982 watermelon data for relative 
sweetness index 
source Degrees SUm of Percent Mean F of freedom s;iuares of total s;iuare 
Replication 2 9026 4513 0.40 
Cul ti var 3 79252 26417 2.34 
Rep*CUl[ErrorCa)l 6 67779 11296 
Age 10 3395445 100% 339544 44.97** 
Linear 1 2547409 75% 2547409 337.40** 
Quadratic 1 510244 15% 510243 67.58** 
aibic 1 81124 2% 81124 10.74** 
Quartic 1 1236 0.04% 1236 0.16 
Deviations 6 255432 8% 42572 5.64* 
CUl*Age 30 312065 100% 10402 1.38 
Cul*Age Linear 3 59437 19% 19812 2.62* 
Cul*Age Quadratic 3 47312 15% 15771 2.09 
CUl*Age Cubic 3 38066 12% 12689 1.68 
Cul*Age Quartic 3 28414 9% 9471 1.25 
Remainder 18 138836 45% 7713 1.02 
Residual[Error(b)] 601 453004 7550 
Total 111 
10egrees of freedom reduced f ran 80 to 60 due to missing data. 
*Significant at the 5 percent level. 
**Significant at the 1 percent level. 
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Table 13. CUltivar means for relative sweetness index 
CUltivar 
All sweet 
Charleston Gray 
Crimson &'weet 
Iopride 
S.E. 2 
Relative 
EMeetness Index1 
1033.84 a 
993.32 a 
983.93 a 
967.28 a 
26.16 
1nuncan's Multiple Range test of cultivar means, n = 33; values 
with the same letter are not significantly different at the 5 percent 
level. 
2s.E. = ~ = standard error of difference between two cultivar 
means. 
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Linear and quadratic age effects are highly significant Cp = <0.01) 
and account for 75% and 15% of the variation in relative &Weetness 
index, respectively (Table 12). The linear age effect describes the 
increase in relative sweetness fran 20 to 60 days after anthesis. '!he 
quadratic age effect is significant because the slope of the curve f ran 
20 to 36 days is different f ran the slope of the curve f ran day 36 to 
day 60. The equation, 
Y = -78.28 + 46.181X - 0.44X2, 
predicts the change in relative sweetness (Y) fran 20 to 60 days after 
anthesis (X) for the four cultivars sampled. 
There are no meaningful cultivar x age interactions for relative 
sweetness. The quadratic response surface for relative sweetness (Y) is 
described ~ the equation, 
Y = 141.64 + 42.74A - 105.87C - 0.44A2 + 5.97c2 + l.39AC, 
where A is age and C is cultivar. '!his equation applies only for the 
cultivars, 'Allsweet', 'Charleston Gray', 'Crimson sweet', and 'Iopride' 
when coded as 1, 2, 3, and 4, respectively. 
Trends in relative sweetness and total sugar concentration are 
nearly identical. A comparison of Figures 7 and 8 reveals that curves 
describing changes in the relative sweetness index are almost identical 
to curves which describe the changes occurring in total sugar 
concentration. The analysis of variance tables for total sugar content 
and relative sweetness index (Tables 7 and 12) indicate that linear, 
quadratic, and cubic effects account for nearly equivalent percentages 
of the total variation for age. 
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Relative sweetness index, based on the relative sweetness values of 
fructose, glucose, and sucrose, is essentially a m.nnerical quantitation 
of the degree to which sugars stimulate the htmlal1 sense of sweet taste. · 
The results shown in Figures 7 and 8 indicate that in this study 
relative sweetness index is ineffective in providing a better 
description of these cultivars' carbohydrate content. Total sugar 
concentrations and relative 5'Weetness indexes illustrate the same 
relationships among the cultivars. 
Taste p;ulel evaluations are necessary to substantiate calculated 
relative 5'Weetness values. While these values measure the sweetness of 
the individual sugars to sane degree, they ch not account for any 
changes in &Weet taste due to the combined presence of these sugars nor 
the effects that other substances in watermelon tissue may have on &Weet 
taste. 
Total soluble Solids 
Changes in refractive index or percent total soluble solids for the 
four cultivars are presented in Table 14 and Figure 9. The analysis of 
variance for total soluble solids suggests that no significant 
differences exist among cultivar means (Table 15). Mean separation by 
D.mcan's Multiple Range test indicates that 'Allsweet' is significantly 
higher in total soluble solids than 'Crimson sweet' or 'Iopride' but not 
significantly higher than 'Charleston Gray' (Table 16). 
The linear and quadratic age effects are highly significant 
(p = <0.01) and explain 78% and 18% of the variation in total soluble 
solids respectively. '!he overall increase in total soluble solids fran 
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Table 14. Refractive index values C°srix) or percent 
total soluble solids in watermelons of 4 
cultivars harvested at 11 stages of developnent 
Age, days Olltivar 
after 
anthesis All sweet Charleston Crimson Iopride Gray Stleet 
20 8.0 6.4 5.0 6.1 
24 8.0 6.9 6.1 6.0 
28 8.2 8.3 9.3 8.0 
32 10.5 10.1 9.6 9.3 
36 11.2 9.7 10.7 9.7 
40 10.9 10.9 10.3 10.5 
44 11.3 10.6 10.3 10.6 
48 11.0 10.6 11.0 11.0 
52 11.3 11.l 10.9 10.7 
56 11.2 11.5 11.6 10.9 
60 11.1 10.7 11.2 11.3 
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Figure 9. Refractive index values or percent total soluble solids for 11 develoµnental stages of 
four watermelon cultivars. 'Allsweet' (AS), 'Charleston Gray' (a;), 'Crimson 9-/eet' 
(CS}, and 'Iopride' (IP) 
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Table 15. Analysis of variance of 1982 watermelon data for the variable 
total soluble solids 
Source Degrees SUm of Percent Mean F of freedom 9:;{uares of total 9:;{uare 
Replication 2 1.34 0.67 0.75 
Oil ti var 3 10.96 3.65 4.06 
Rep*Cul[Error(a)] 6 5.38 0.90 
Age 10 375.31 100% 37.53 93.83** 
Linear 1 293.57 78% 293.57 733.93** 
Quadratic 1 67.88 18% 67.88 169.70** 
Cubic 1 2.40 1% 2.40 6.00* 
Quartic 1 2.16 1% 2.16 5.40* 
Deviations 6 9.30 2% 1.51 3.78** 
Cul*Age 30 25.87 100% 0.86 2.15** 
Cul *Age Linear 3 7.78 30% 2.59 6.48** 
Cul*Age Quadratic 3 1.58 6% 0.53 1.33 
Cul*Age Cubic 3 3.83 15% 1.28 3.20* 
Cul*Age Quartic 3 3.14 12% 1.05 2.63 
Remainder 18 9.54 37% 3.18 7.95** 
Residual[Error(b)l 691 27.83 0.40 
Total 120 
1negrees of freedom reduced from 80 to 69 due to missing data. 
*Significant at the 5 percent level. 
**Significant at the 1 percent level. 
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Table 16. CUltivar means for total soluble solids C°arix) in watermelon 
Cul ti var 
All sweet 
Charleston Gray 
Crimson sweet 
Iopride 
S.E. 2 
Total 
soluble Solids1 
10.24 a 
9.72 ab 
9.65 b 
9.47 b 
0.23 
1nuncan's Multiple Range test of cultivar means, n = 33; values 
with the same letter are not significantly different at the 5 percent 
level. 
2s.E. = ~ = standard error of difference between two cultivar 
means. 
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day 20 to day 60 explains the linear age effect. The quadratic age 
effect is caused by the relatively rapid increase in total soluble 
solids f ran day 20 to day 36 and the subsequent plateau in total soluble 
solids fran day 36 to day 60 (Figure 9). The equation, 
Y = -2.253 + 0.5239X - 0.00507X2, 
predicts the mean change in total soluble solids (Y) during the 40 day 
(X) period for the four cultivars sampled. 
The cultivar x age linear interaction is significant at the 1% 
level. This interaction is caused by the greater variability in total 
soluble solids among the cultivars at day 20, compared to a smaller 
degree of variability at day 60 (Figure 9). The equation, 
Y = 0.3199 + 0.4854A - l.2887C - 0.0051A2 + 0.0865c2 + 0.0154AC, 
where A represents age and C represents cultivar describes the quadratic 
response surface for total soluble solids CY) fran 20 to 60 days after 
anthesis. This equation applies only for the cultivars, 'Allsweet', 
'Olarleston Gray', 'Crimson sweet', and 'Iopride' when coded as 1, 2, 3, 
and 4, respectively. 
The percent sugar in total soluble solids for each cultivar at the 
11 stages of developnent is shown in Table 17. For each cultivar, the 
percentage of sugar in total soluble solids varies f ran approximately 
80% to 90% fran 20 to 60 days after anthesis. Each cultivar averages 
about 86% sugar in total soluble solids over the 40 day period. Porter 
et al. (33) reports that approximately 85% of the total soluble solids 
in extracted watermelon juice consists of sugars. 
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Table 17. 'l'btal sugar (FGS), total soluble solids CTSS) and percentage 
sugar in total soluble solids for watermelon cultivars 
harvested at 11 stages of developnent. 
Age, days FGS, FGS FGS, FGS 
after g/100 gl TSS, in TSS, g/100 gl TSS, in TSS, 
anthesis of juice °arix2 % of juice °srix2 % 
All sweet Charleston Gray 
20 7.2 8.0 90.1 5.8 6.4 91.1 
24 6.6 8.0 83.0 6.1 6.9 88.9 
28 7.4 8.2 89.9 7.4 8.3 89.3 
32 9.2 10.5 88.2 8.4 10.1 83.4 
36 10.0 11.2 89.1 8.5 9.8 86.8 
40 8.8 10.9 81.3 9.2 10.9 84.4 
44 9.7 11.3 85.3 9.2 10.6 86.6 
48 9.1 11.0 83.4 8.9 10.6 84.4 
52 9.5 11.3 83.4 9.3 11.0 83.8 
56 10.4 11.2 92.9 10.0 11.5 87.0 
60 9.4 11.1 84.9 9.5 10. 7 88.5 
mean = 86.5 mean= 86.7 
Crimson Sweet Iopride 
20 4.3 5.0 86.2 5.4 6.1 88.1 
24 5.3 6.1 86.9 5.2 6.0 87.2 
28 8.2 9.3 88.2 7.3 8.0 91.0 
32 8.6 9.6 89.5 8.3 9.3 89.7 
36 9.4 10. 7 87. 7 9.0 9.7 92.8 
40 8.8 10.3 84.6 7.6 10.5 72.4 
44 8.6 10.3 83. 7 8.7 10.6 81. 7 
48 9.1 11.0 82.1 9.4 11.0 84.9 
52 10.0 10.9 91.4 8.6 10.7 80.4 
56 10.0 11.6 86.2 10.2 10.9 93.7 
60 9.4 11.2 83.3 10.2 11.3 87.9 
mean = 86.3 mean = 86.3 
1FGS, g/lOOg of juice is equivalent to percent sugar. 
2negrees Brix is roughly equivalent to percent soluble solids 
(21). 
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Sample Storage 
In 1982, some of the watermelon juice samples were held in storage 
at 32°F up to 12 days after extraction f ran the fruit tissue and before 
HPLC analysis. This pranpted a study in 1983 to investigate the affect 
of short term storage at 32°F on watermelon juice carbohydrates. Melons 
of 'Allwseet' and 'Crimson sweet' cultivars were used in this study. 
The statistical analysis of results f ran this study includes only 
data taken fran day O to day 10. o.iring this period, each juice sample 
was removed from a separate storage vial and therefore all samples were 
independent. After day 10, vials were sampled a second time at 2 to 3 
day intervals. For example, on day 13 vials of watermelon juice, which 
had been originally sampled on day 0, were sampled a second time. Vials 
which had been sampled on day 2 were sampled a second time on day 15 and 
so on. Because results obtained after day 10 are not taken f ran 
independent samples they are not included in the statistical analysis; 
however, these results are shown in Figure 10 and are indicated by 
broken lines. 
The analysis of variance for fructose, glucose and sucrose is 
presented in Tables 18, 19, and 20, respectively. These analyses 
indicate that no significant differences exist between cultivar means 
for fructose, glucose or sucrose. Changes occurring in the 
concentrations of these sugars for 'Allsweet' and 'Crimson sweet' were 
in fact nearly identical. 
The analysis of variance for fructose indicates a highly 
significant (p = <0.01) linear effect for day (48 hours) which accounts 
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Figure 10. FrHctose, glucose, and sucrose concentrations of watermelon juice samples stored at 
32 F 
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Table 18. Analysis of variance of fructose concentrations in 1983 
watermelon juice samples fran 'Allsweet' and 'Crimson 5Weet' 
Source Degrees &ml of Percent Mean F of f reedorn SJuares of total SJuare 
Replication 5 3. 71 0.74 0.36 
Cul ti var 1 0.20 0.20 0.10 
Rep*Cul[Error(a)] 5 10.23 2.05 
DayC48 hours) 5 2.41 100% 0.48 16.00** 
Linear 1 2.01 83% 2.01 67.00** 
Quadratic 1 0.23 10% 0.23 7.67** 
CUbic 1 o.oo 0 o.oo o.oo 
Quartic 1 0.02 1% 0.02 0.67 
Deviations 1 0.15 6% 0.15 0.22 
Oll*Day 5 0.08 0.02 0.67 
Residual[Error(b)l 50 1.29 0.03 
Total 71 
**Significant at the 1 percent level. 
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Table 19. Analysis of variance of glucose concentrations in 1983 
watermelon juice samples fran 'Allsweet' and 'Crimson sweet' 
Source Degrees SUm of Percent Mean F of freedom s:iuares of total 9:Juare 
Replication 5 6.40 1.28 0.68 
Cul.ti var 1 0.12 0.12 0.06 
Rep*Cul[Error(a)l 5 9.40 1.88 
Day(48 hours) 5 2.96 100% 0.59 6.36** 
Linear 1 0.93 31% 0.93 10.00** 
Quadratic 1 0.65 22% 0.65 6.99* 
CUbic 1 o.oo 0 o.oo o.oo 
Quartic 1 1.14 39% 1.14 12.67** 
Deviations 1 0.24 8% 0.24 2.67 
Cul*Day 5 0.49 0.09 1.00 
Residual[Error(b)l 50 4.63 0.09 
Total 71 
*Significant at the 5 percent level. 
**Significant at the 1 percent level. 
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Table 20. Analysis of variance of sucrose concentrations in 1983 
watermelon juice samples fran 'Allsweet' and 'Crimson &'weet' 
source Degrees SUm of Percent Mean F of freedom Sluares of total Sluare 
Replication 5 15.96 3.19 0.31 
Cul ti var 1 0.32 0.32 0.03 
Rep*Cul[Error(a)J 5 51.02 10.20 
Day (48 hours) 5 6.67 100% 1.33 19.62** 
Linear 1 0.39 6% 0.39 5.74* 
Quadratic 1 0.40 6% 0.40 5.88* 
CUbic 1 4.03 60% 4.03 57.57** 
Quartic 1 1.84 28% 1.84 26.29** 
Deviations 1 0.01 0.1% 0.01 0.14 
OJl*Day 5 0.13 0.03 0.38 
Residual[Error(b)J 50 3.42 0.07 
Total 71 
*Significant at the 5 percent level. 
**Significant at the 1 percent level. 
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for 83% of the variation in fructose f ran day 0 to day 10 (Table 18) • 
'Ihis effect is due to the increase in fructose f ran day 0 to day 10 
(Table 10). 'Ihe quadratic effect is also significant and accounts for 
10% of the total variation. '!his effect can be illustrated by a concave 
curve connecting the µ>ints for fructose concentration f ran day 0 to day 
10. r.bre important, however, is the overall linear increase of fructose 
during this period. 
'Ihirty-one percent of the total variation in glucose is explained 
by the highly significant Cp = <0.01) linear effect for day (Table 19). 
'Ihe quartic effect for day accounts for 39% of the variation of glucose. 
'Ibis effect is illustrated by the four slope changes observed in Figure 
10. 
'Ihe analysis of variance for sucrose indicates that the highly 
significant cubic effect for day accounts for 60% of the variation in 
sucrose (Table 20). 'Ihis effect is due to the increase in sucrose 
concentration fran day 0 to day 4 followed by a decrease until day 8. 
'Ihe increase in sucrose fran day 8 to day 10 completes the cubic effect. 
'Ihe decrease in sucrose fran day 4 to 8 is important because it 
corresµ>nds to the significant linear increases in concentrations of 
fructose and glucose fran day 6 to day 10. 'lbese results suggest that 
sucrose molecules are hydrolyzed to molecules of fructose and glucose in 
extracted watermelon juice samples stored at 32°F within a period of 10 
days. 'Ihe hydrolytic enzyme invertase, which is considered universally 
distrib..Ited in plant tissues, hydrolyzes sucrose to an equimolar mixture 
of fructose and glucose (5) and is probably resµ>nsible for this process 
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in extracted watermelon juice. 
Fran day 8 to day 10, the concentration of sucrose increases to its 
original level. This might suggest the presence of carbohydrate 
molecules in extracted watermelon juice which break down to form the 
disaccharide, sucrose. Oligosaccharides, such as the trisaccharide, 
raff inose or the tetrasaccharide, stachyose, both of which contain 
sucrose units, might be present and serve as a limited source of sucrose 
in extracted watermelon juice. 
Changes which occurred in juice samples stored at 32°F in 1983 
might explain some of the variation which appears in 1982 results. 'Ibis 
variation is most apparent in the production of sucrose and possibly 
total sugars as shown in Figures 6 and 7. 'Charleston Gray' and 
'Iopride' shCM a loss in sucrose at day 36, while 'Allsweet' shCMs a 
decline in sucrose at day 40. A majority of the stored samples were 
f ran melons in the age range of 36 to 44 days after anthesis. It is 
very likely that these losses in sucrose are due to sucrose break down 
in storage. 
Fran day 13 to day 15, there is a drastic reduction in the 
concentration of each sugar (Figure 10) • sugars in these samples may 
have been consumed by fermentation. This is f ollCMed by what may again 
be a very gradual hydrolysis of sucrose to fructose and glucose over the 
period fran day 23 to day 44. By day 30, the juice samples produced a 
distinct sour odor. Fungal growth was visible in the storage vials on 
day 44. 
Frozen samples of juice f ran the same watermelons were thawed and 
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Table 21. Mean fructose, glucose, sucrose, and total sugar 
concentrations in mature 'Allsweet' and 'Crimson &Weet' 
watermelons at harvest and after 37 days of storage at 32°F 
or -22°F 1 
rays 
after storage Total Percent 
harvest Condition Fructose Glucose sucrose sugar Loss 
0 Fresh 5.36 4.05 4.72 14.13 0 
37 32°F 4.71 3.55 3.10 11.36 
(Not frozen) (0.65) C0.50) (1.63) (2. 77) 19.6 
37 -22°F 4.39 3.31 3.92 11.62 
(0.97) (0. 74) (0.81) (2.51) 17.8 
1vaiue in p:trentheses is the difference between concentration at 
day O and day 37. 
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analyzed 37 days after harvest. Concentrations of fructose (F), glucose 
(G), and sucrose (S) are shown in Figure 10 at day 37 and in Table 21. 
These results indicate that freezing the samples at approximately -22°F 
did not prevent carbohydrate loss in watermelon juice samples. The 
concentration of both fructose and glucose are higher in samples stored 
at 32°F than in frozen samples, while the concentration of sucrose is 
higher in frozen samples (Table 21>. If the enzyme invertase is present 
in juice samples, the lower concentrations of fructose and glucose in 
the frozen samples relative to the nonf rozen samples might indicate a 
reduction in the enzymatic activity of invertase on sucrose in the 
frozen samples. 
Within a period of 24 to 48 hours after watermelons were harvested 
and the samples were frozen, samples were thawed for a period of 
approximately 15 minutes due to mechanical failure. Samples were then 
frozen a second time. It is not known what effect this had on the 
results obtained on day 37. 
A comparison of sugar concentrations of mature watermelons (35 to 
40 days after anthesis) in 1982 and 1983 reveals that glucose is present 
in higher concentrations than sucrose in 1982, while the reverse is true 
in 1983 (Table 22). This seasonal difference in sugar concentration may 
be caused by the warmer temperatures of 1983 as indicated by the greater 
number of heat units accumulated in 1983 at days 36 and 40 (Table 22). 
Table 22. 
Year 
1982 
1983 
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Concentrations of fructose, glucose, and sucrose in mature 
'Allsweet' and 'Crimson sweet' watermelons for the 1982 and 
1983 season 
Age, days 
after 
anthesis 
36 
40 
44 
48 
52 
56 
60 
36 
40 
Heat 
Units1 
413 
453 
490 
517 
556 
576 
617 
711 
791 
All sweet 
F G s 
5.02 4.23 0.73 
4.91 3.56 0.34 
4.86 3.49 1.33 
4.20 2.44 2.49 
4.17 2.60 2.69 
4.34 2.37 3.71 
3.85 1.97 3.58 
5.34 4.11 4.79 
Crimson sweet 
F G s 
4.89 3.57 0.94 
4.52 2.79 1.45 
4.32 2.69 1.58 
4.03 2.24 2.83 
3.98 2.08 3.95 
4.16 2.16 3.64 
3.86 1.61 3.88 
5.39 3.99 4.65 
1Mean heat unit calculated with daily minimum and maximum 
temperatures (Method I, base= 60°F>. 
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Internal Color 
Internal flesh color was quantitatively determined based on juice 
color. The Hunterlab 'a' value which measures the degree of redness 
when positive is plotted in Figure 11. An analysis of juice color data 
suggests that no significant differences exist among cultivar means 
(Table 23). However a Duncan's Multiple Range test indicates that 
'Olarleston Gray' was significantly redder than 'Crimson sweet' and 
'Iopride', but was not significantly redder than 'Allsweet' (Table 24). 
The linear and quadratic age effects are highly significant 
Cp = <0.01) and account for 72% and 23% of the variation in the degree 
of red color, respectively (Table 23). The linear effect for age is 
explained by the increase in redness fran day 20 to day 60. '!he 
quadratic effect is illustrated by the relatively steep increase in 
redness f rcm day 20 to day 32 followed by a plateau fran day 32 to day 
60 (Figure 11). For these cultivars, the effect of age (X) on the 
redness of watermelon flesh (Y) can be predicted by the Sluation, 
Y = -17.80 + l.342X - 0.01345X2• 
Linear and quadratic cultivar x age interactions are significant at 
the 5% level, while the cubic interaction was statistically significant 
at the 1% level. These interactions are probably caused by the 
inconsistent relationship in the trends for red color developnent in 
'Allsweet', 'Crimson sweet', and 'Iopride' throughout the 40 day period. 
'Olarleston Gray' is redder than the other cultivars throughout the 40 
day period with the exception of days 24, 28, and 36 but probably <hes 
not contrib.lte significantly to the interactions (Figure 11). 
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Figure 11. Degree of redness indicated by the Hunter lab 'a' value for 11 develoµnental stages of 
four watermelon cultivars. 'Allsweet' (AS), 'Charleston Gray' cm>, 'Crimson So/eet' 
(CS) , and 'Iopride' C IP) 
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Table 23. Analysis of variance of 1982 watermelon data for the degree 
of redness indicated by HW1terlab 'a' value 
source Degrees Sum of Percent Mean F of freedom Siuares of total Siuare 
Replication 2 9.09 4.55 0.65 
CUltivar 3 91.95 30.65 4.35 
Rep*CUl[Error(a)J 6 42.28 7.05 
Age 10 2071.69 100% 207.17 96.91** 
Linear 1 1496.15 72% 1496.15 699.89** 
Quadratic 1 476.87 23% 476.87 223.08** 
CUbic 1 47.11 2% 47.11 22.01** 
Quartic 1 4.64 0.2% 4.64 2.17 . 
Deviations 6 46.92 2% 7.82 3.65** 
CUl*Age 30 172.06 100% 5.74 2.68* 
CUl*Age Linear 3 26.37 15% 8.79 4.11* 
CUl*Age Quadratic 3 19.73 11% 6.58 3.07* 
Cul*Age CUbic 3 27 .36 16% 9.12 4.26** 
Cul*Age Quartic 3 9.71 6% 3.24 1.51 
Ranainder 18 88.89 52% 4.94 2.31** 
Residual[Error(b)] 691 147.50 2.14 
Total 120 
1negrees of freedom reduced f rorn 80 to 69 due to missing data. 
*Significant at the 5 percent level. 
**Significant at the 1 percent level. 
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Table 24. CUl ti var means for degree of redness determined by the 
Hunterlab 'a' value 
CUltivar 
Charleston Gray 
All sweet 
Iopride 
Crimson 5'Weet 
S.E. 2 
Degree oi 
Redness 
13.56 a 
12.24 ab 
11.63 b 
11.42 b 
0.65 
1Duncan's Multiple Range test of cultivar means, n = 33; values 
with the same letter are not significantly different at the 5 percent 
level. 
2s.E. = ~ = standard error of difference between two cultivar 
means. 
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'!be equation, 
Y = -16.58 + l.302A + 0.3372C - 0.0135A2 - 0.2758c2 + 0.0161AC, 
where A is age and c is cultivar, describes the quadratic resi;x:mse 
surf ace for red color developnent (Y) f ran 20 to 60 days after anthesis 
(X) for the cultivars, 'Allsweet', 'Charleston Gray', 'Crimson Sweet', 
and 'Iopride' when coded as 1, 2, 3, and 4, respectively. 
Since its release in 1954, the cultivar 'Charlerston Gray' has 
become of one of the most widely grown watermelon cultivars. It has 
been suggested by Dr. Charles v. Hall that the early developnent of red 
color in this cultivar has resulted in the harvesting and marketing of 
watermelons that have reached flesh color maturity but are immature on 
the basis of sugar content. 
'Charleston Gray' reaches its maximlml degree of redness at day 32 
(Figure 11) • However, at days 32 and 40, it is relatively lCM in total 
sugars when compared to the other cultivars (Figure 7). This 
characteristic of 'Charleston Gray' might :rossibly contribute to the 
downward trend in per capita consumption of watermelon. Certainly, the 
marketing of immature, :roor quality melons would reduce consumption. 
pH 
pH values for four watermelon cultivars are presented in Table 25. 
The analysis of variance for pH indicates that no significant 
differences exist among cultivar means (Table 26). D.mcan's Multiple 
Range test shCMs that 'Charleston Gray' had a significantly higher 
(p = <0.01) mean pH than 'Allsweet' (Table 27). 
'!be linear age effect is highly significant and accounts for 97% of 
86 
Table 25. pH changes in 4 wateanelon cultivars harvested 
at 11 stages of developnent 
Age, days Cul ti var 
after 
anthesis All sweet Charleston Crimson Iopride Gray St/eet 
20 5.10 5.17 4.94 4.98 
24 5.06 5.12 5.04 5.02 
28 5.14 5.20 5.18 5.06 
32 5.30 5.40 5.26 5.24 
36 5.30 5.36 5.41 5.23 
40 5.33 5.45 5.36 5.36 
44 5.41 5.46 5.37 5.38 
48 5.39 5.56 5.54 5.48 
52 5.46 5.57 5.69 5.51 
56 5.42 5.60 5.60 5.56 
60 5.56 5.75 5.82 5.86 
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Table 26. Analysis of variance of 1982 watermelon data for the variable 
pH 
Source Degrees Sum of Percent Mean F of f ree<bn s:iuares of total s:iuare 
Replication 2 0.01 0.005 0.25 
Cul ti var 3 0.22 0.07 3.50 
Rep*Cul[Error(a)J 6 0.11 0.02 
Age 10 5.90 100% 0.59 59.00** 
Linear 1 5.72 97% 5.72 572.00** 
Quadratic 1 o.oo 0% o.oo o.oo 
Cubic 1 0.03 1% 0.03 3.00 
Quartic 1 0.06 1% 0.06 6.00* 
Deviations 6 0.09 1% 0.02 2.00 
Cul*Age 30 0.48 100% 0.02 2.00 
Cul*Age Linear 3 0.30 63% 0.10 10.00** 
Cul*Age Quadratic 3 0.04 8% 0.01 1.00 
Cul*Age Cubic 3 0.01 2% 0.003 0.30 
Cul*Age Quartic 3 0.02 4% 0.006 0.60 
Remainder 18 0.11 23% 0.006 0.60 
Residual[Error(b)] 671 0.76 0.01 
Total 118 
10egrees of f reedcm reduced from 80 to 67 due to missing data. 
*Significant at the 5 percent level. 
**Significant at the 1 percent level. 
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Table 27. Mean Iii values for 4 watermelon cultivars 
Cul ti var 
Charleston Gray 
Crimson &Weet 
Iopride 
All sweet 
S.E. 2 
5.42 a 
5.38 ab 
5.34 ab 
5.31 b 
0.03 
1nuncan's Multiple Range test of cultivar means, n = 33; values 
with the same letter are not significantly different at the 5 percent 
level. 
2s.E. = ~ = standard error of difference between two cultivar 
means. 
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the variation in pH fran 20 to 60 days after anthesis {Table 26). The 
linear effect is due to the average increase of 0.69 pH units fran day 
20 to day 60 {Table 25) • 'llle equation, 
Y = 4.71 + 0.0165X, 
predicts the mean increase in pH (Y) as a function of age (X) for the 
four cultivars sampled. 
The analysis of variance also indicates a significant {p = <0.01) 
linear cultivar x age interaction. 'lllis interaction is most obvious 
when pH values for 'Allsweet' and 'Iopride' are canpared (Table 25). 
'Allsweet' has higher pH values (more alkaline) fran day 20 to day 36. 
Fran day 40 to day 60 , with the exception of day 44, 'Allsweet' has 
lCMer pH values (more acid) in comparison to 'Iopride'. A linear 
response surface for the mean change in pH (Y) fran 20 to 60 days after 
anthesis (X) is described by the equation, 
Y = 5.018 + 0.0084A - 0.1239C + 0.0032AC, 
where A represents age and C represents cultivar. 'lllis equation is only 
applicable for the cultivars, 'Allsweet', 'Charleston Gray', 'Crimson 
sweet', and 'Iopride' when coded as 1, 2, 3, and 4, respectively. 
Kramer (21) reports that fruits may be considered overripe f ran a 
taste standpoint because of the loss of acid rather than the 
accumulation of too many sugars. L<:Mer pH values for 'Al.lsweet' 
especially after day 40 ma.y be related to the extended postharvest 
quality of 'Allsweet' relative to the other cultivars. 
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Heat Units 
Mean heat unit accumulations for the four watermelon cultivars 
sampled are sh<Mn in Tables 28 through 31. Heat units calculated using 
daily minimum and maximum temperatures (Method I) with a base 
temperature of 60°F are sh<Mn in Table 28, while Table 29 shows the mean 
heat unit accumulation calculated as a mean of 12 daily heat unit 
values. '!be 12 daily heat unit values were calculated using minimum and 
maximum temperatures at 2-hour intervals (Method II) also with a base of 
60°F. Mean heat unit accumulations using the same two methods with a 
base of 65°F are sh<Mn in Tables 30 and 31. 
Several researchers recanmend the use of frequent temperature 
readings to achieve a more accurate daily temperature mean especially in 
locations where wide variations in temperatures occur Cl, 20, 28, 31). 
Method II was used for this purpose. 'Ibis method differs f ran the use 
of frequent hourly temperature readings in that heat units were 
calculated every two hours. The mean of these 12 values was taken as 
the daily heat unit value. 
Mean heat unit accumulation for the four cultivars is sh<Mn in 
conjunction with total sugar production in Figure 7. 'lbese results 
indicate that total ~ugar production peaks on day 36 or after the 
accumulation of a mean of 413 heat units (base = 60°F> fran the day of 
anthesis. 'Ibis value corresponds to the approximate 35 days after 
anthesis required for 'Charleston Gray' or 'Crimson S'weet' to reach 
optimum eatable quality. '!be mean heat unit value of 453 (base = 60°F) 
corresponds more closely to the 40 days required for 'Alls-weet' or 
Table 28. Mean heat unit accumulation calculated with daily minimum and maximum temperatures 
~=:~t~~ef~r660~termelon cultivars harvested at 11 stages of developnent. Base 
Age, days CUltivar 
after 
anthesis All sweet, 1 Charleston Crimson Iopride, n Mean, n n Gray, s.Teet, n n 
20 198 1 267 3 234 5 276 4 252 13 
24 299 2 295 6 290 5 295 8 294 21 
28 330 4 343 5 341 6 341 8 340 23 
32 378 6 388 5 363 6 381 9 378 26 
36 411 4 410 5 422 5 410 8 413 22 
40 442 2 483 2 448 6 450 1 453 11 
44 491 5 495 4 482 5 492 7 490 21 
48 516 5 519 6 513 4 518 9 517 24 \0 ...... 
52 550 6 559 5 510 1 564 7 556 19 
56 564 5 588 7 573 5 576 8 576 25 
60 626 4 623 7 626 5 603 9 617 25 
1n = number of observations included in each mean heat unit value. 
Table 29. Mean heat unit accumulation calculated with minimum and maximum temperatures at two hour 
intervals (Method II) for 4 watermelon cultivars harvested at 11 stages of developnent. 
Base tanperature = 60°F 
Age, days Cultivar 
after 
anthesis All sweet, 1 Charleston Crimson Iopride, n Mean, n n Gray, sweet, n n 
20 181 1 252 3 218 5 262 4 237 13 
24 286 2 282 6 278 5 282 8 282 21 
28 314 4 332 5 325 6 331 8 327 23 
32 362 6 372 5 342 6 367 9 361 26 
36 390 4 389 5 402 5 388 8 392 22 
40 412 2 467 2 421 6 421 1 428 11 
44 455 5 465 4 449 5 460 7 457 21 
48 480 5 482 6 472 4 482 9 480 24 \0 
52 508 6 517 5 460 1 522 7 513 19 "' 
56 516 5 546 7 526 5 533 8 532 25 
60 579 4 573 7 579 5 553 9 568 25 
1 n = number of observations included in each mean heat unit value. 
Table 30. Mean heat unit acctnnulation calculated with daily miniIIUJm and maximtnn temperatures 
~~~~t~~ef~r6~0;atermelon cultivars harvested at 11 stages of developnent. Base 
Age, days atltivar 
after 
anthesis All sweet, nl Charleston Crimson Iopride, n Mean, n Gray, n s.Teet, n 
20 134 1 181 3 159 5 189 4 171 13 
24 207 2 204 6 200 5 204 8 203 21 
28 228 4 239 5 237 6 237 8 236 23 
32 264 6 272 5 251 6 267 9 263 26 
36 287 4 286 5 295 5 286 8 288 22 
40 302 2 338 2 307 6 309 1 312 11 
44 334 5 340 4 329 5 338 7 335 21 
48 353 5 355 6 347 4 354 9 353 24 \0 
52 374 6 379 5 339 1 384 7 377 19 w 
56 380 5 401 7 386 5 391 8 391 25 
60 426 4 422 7 426 5 408 9 418 25 
1n = number of observations included in each mean heat unit value. 
Table 31. Mean heat unit acct.nnulation calculated with rninirnt.nn and rnaximt.nn tanperatures at two hour 
intervals (Method II) for 4 watermelon cultivars harvested at 11 stages of developnent. 
Base tanperature = 65°F 
Age, days Cul ti var 
after 
anthesis All sweet, 1 Charleston Crimson Iopride, n Mean, n n Gray, Sveet, n n 
20 104 1 158 3 134 5 165 4 147 13 
24 180 2 177 6 176 5 178 8 178 21 
28 196 4 210 5 203 6 210 8 206 23 
32 227 6 232 5 211 6 230 9 226 26 
36 242 4 241 5 249 5 240 8 242 22 
40 249 2 293 2 256 6 256 1 261 11 
44 273 5 282 4 270 5 277 7 275 21 
48 288 5 290 6 282 4 290 9 288 24 ID 
52 305 6 310 5 272 1 314 7 308 19 "'" 
56 308 5 328 7 314 5 320 8 319 25 
60 348 4 343 7 348 5 331 9 341 25 
1n = ntnnber of observations included in each mean heat unit value. 
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'Iopride' to reach optimum eatable quality. 
For these cultivars, the effect of heat units (X) on total sugar 
production CY) can be predicted by the equation, 
Y = -4.67 + 0.0512X + 0.0000456X2, 
when the base tem:perature equals 60°F. The equation, 
Y = -0.839 + 0.0445H - l.665C - 0.000044H2 + 0.1363C2 + 0.0017HC, 
where H represents heat units and C represents cultivar, describes the 
quadratic resp:mse surface for total sugar production CY) as it relates 
to heat unit accumulation. This equation is only applicable for the 
cultivars, 'Allsweet', 'Charleston Gray', 'Crimson sweet', and 'Iopride' 
when coded as 1, 2, 3, and 4, res:pectively. 
Elmstrcrn and Davis (15) state that watermelon fruit mature more 
rapidly in Florida than in California and suggests that this is caused 
by the high night tem:peratures Florida experiences. Results for 
cultivars studied by Elstrcrn show that fructose and glucose 
concentrations generally :peak between 24 and 28 days after anthesis. 
Results for this study show that fructose and glucose reach :peak 
concentration on day 36. This emphasizes the differential rate of 
developnent in Florida, where tem:peratures are warmer comp::lred to Iowa 
where the tem:peratures are cooler. 
An accurate determination of the number of heat units required for 
a watermelon cultivar to reach maturity can only be made with the use of 
data taken over a :period of several years. For watermelon, use of such 
a system may be beneficial in predicting maturity because of the small 
degree of change in the outward ap:pearance of the fruit as it develops. 
96 
Use of the heat tmit systen for watermelon is limited; however, tmtil 
requirenents such as a minimum growing tenperature and the best 
reference :i;x>int from which to begin accumulation of heat tmits are 
studied in greater detail. 
97 
CONCLUSIONS 
The four cultivars used in this study demonstrate the same general 
trends in their production of fructose, glucose, and sucrose. After 
anthesis the reducing sugars, fructose and glucose, generally increased 
in concentration f ran 20 to approximately 36 days and thereafter 
declined presenting a quadratic developnental pattern. Measurable 
concentrations of the nonreducing sugar, sucrose, were present in the 
fruit tissue just prior to the twentieth day after anthesis and 
thereafter increased linearly in all cultivars. It can be concluded 
f ran these results that fructose and glucose are two primary forms of 
carbohydrate transported into the watermelon fruit tissue as 
photosynthetic products. 'lllese are combined at an increasing rate in a 
1:1 roolecular ratio to form sucrose molecules. 'lbtal sugar shCMed an 
overall increase from 20 to 60 days after anthesis with its most rapid 
increase occurring between 20 and 36 days after anthesis. 
'Allsweet' had the highest concentration of fructose and glucose, 
while 'Charleston Gray' had the l<:Mest concentration of these sugars. 
The noticeably higher concentration of sucrose in 'Charleston Gray' Oller 
the 40 day period pr011ides evidence that fructose and glucose are 
combined to produce sucrose at a faster rate in this cultivar relative 
to the others. 'llle higher and more stable concentration of fructose in 
'Allsweet' contrib..Ites to its extended postharvest quality. 
The results support the suggestion that 'Charleston Gray' develops 
its maximum red color before reaching maximum sweetness. It is very 
possible that this characteristic has resulted in the early harvest of 
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watermelons prior to their developnent of optimun sweetness. '!his 
practice could only have a negative affect on per capita consmnption. 
The relative sweetness index shows the same basic relationship 
among the four cultivars as cbes total sugar concentration. While this 
calculated index considers the relative sweetness of component sugars it 
cbes not account for the combined affect of sugars nor the affect of 
other flavor components on sweet taste. An evaluation by taste p:mel is 
required to sufficiently confirm calculated sweetness values. 
Total soluble solids increased in the four cultivars following the 
same general trend. 'Allsweet', which exceeded the other cultivars in 
concentrations of fructose, glucose and total sugars, also produced the 
highest levels of total soluble solids during the 40 day period. 
The hydrolysis of sucrose to fructose and glucose occurred to sane 
degree in watermelon juice samples stored at 32°F within 4 to 6 days 
after harvest. '!his may be due to the presence of the hydrolitic 
enzyme, invertase. Peductions in the concentrations of fructose, 
glucose, and sucrose occurred between 13 and 15 days at 32°F. Similar 
reductions in sugar concentrations occurred in frozen samples. 
In the future, watermelon fruit might be analyzed to identify other 
components that contribute to flavor and taste and therefore quality. 
Prior to such studies, a more detailed investigation of the changes that 
occur in frozen watermelon juice and fruit tissue samples might be 
helpful. A review of the literature shows that no research has been 
reported focusing on the use of the heat unit systan to predict 
watermelon developnent. Because of the difficulties in predicting 
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watermelon maturity based on fruit appearance sane practical use may be 
found in adapting the heat unit or solar radiation system to watermelon. 
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Trust in the Lord with all your heart, and oo not lean on your own 
understanding. In all your weys acknowledge Him, and He will make 
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"Many daughters have oone nobly, but you excel them all." Chaan is 
deceitful and beauty is vain, but a wanan who fears the Lord, she 
shall be praised. (Proverbs 31:10-11, 20, 25, 26, 29-30) 
A friend loves at all times, and a brother is born for adversity. 
(Proverbs 17:17) 
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loss for the sake of Christ. More than that, I count all things to 
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LOrd, for whan I have suffered the loss of all things, and cotmt 
than but rubbish in order that I may gain Christ, and may be f otmd 
in Him, not having a righteousness of ny own derived fran the Law, 
but that which is through faith in Christ, the righteousness which 
comes f ran God on the basis of faith, that I may know Him, and the 
power of His resurrection and the fella-1ship of His sufferings, 
being conformed to His death; in order that I may attain to the 
resurrection fran the dead. (Philippians 3:7-11) 
Praise God! 
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APPENDIX A. 
1982 watennelon Data 
VARIABLE NAME 
ClJLTIVAR 
REPLICATION 
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Dl\TA FIELD KEY 
AGE Cl to 11 is 20 to 60 days after 
anthesis at 4 day intervals) 
SAMPLE 
JULIAN AN'IHF.sIS Dl\TE 
JULIAN HARVEST Dl\TE 
FRUCI'OSE, g/100 g of juice 
GLUQ)SE, g/100 g of juice 
rurnOOE, g/100 g of juice 
REFRAC!'IVE INDEX, ~rix 
L value 
a value 
b value 
pH 
JULIAN HPLC ANALYSIS Dl\TE 
MELCN WEIGHT, i;:ounds 
FIELD 
A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
p 
AB CD E F 
11011 
11012 
11013 
11021 
11022 
11023 
11031 
11032 
G H 
110 
I J K L M N 0 p 
11033 226 255 3.5339 3.1146 0.3994 8.1 23.93 7.05 2.22 5.151 256 9.7 
11041 206 239 4.4973 3.5311 1.3501 11.3 19.01 15.50 4.84 5.335 242 19.1 
11042 210 242 5.1280 4.0537 0.0000 10.7 22.39 10.45 3.69 5.232 253 20.4 
11043 
11051 206 242 11.6 19.63 13.88 4.83 5.334 20.3 
11052 205 241 5.2258 3.9522 0.7868 11.3 19.56 14.32 4.56 5.307 251 23.4 
11053 
11061 209 249 4.7147 3.5687 0.4862 10.2 20.20 12.19 3.54 5.203 253 12.0 
11062 
11063 
11071 209 253 4.0917 3.0714 1.6699 11.0 17.78 12.94 5.38 5.280 256 23.2 
11072 202 247 11.8 18.59 15.55 4.97 5.462 22.2 
11073 
11081 204 252 4.3214 2.5196 2.8715 11.8 18.90 15.26 5.17 5.561 253 24.3 
11082 
11083 
11091 209 257 4.4920 3.2971 1.3803 11.6 19.25 13.80 4.57 5.341 257 21.9 
11092 209 261 4.9083 3.3002 3.3142 12.8 19.38 15.05 5.61 5.614 272 27.7 
11093 
11101 206 263 4.2359 2.4860 4.7975 12.1 19.07 15.27 5.55 5.475 272 29.6 
11102 
11103 
11111 205 266 4.0690 2.0626 3.4917 11.1 19.63 15.14 5.57 5.538 272 21.1 
11112 
11113 
12011 219 239 3.5335 3.2243 0.1593 7.7 29.24 1.40 .60 5.070 251 8.8 
12012 
12013 
12021 
12022 
12023 
12031 
12032 
12033 
12041 204 236 4.9273 3.6253 0.5091 10.2 20.43 14.05 4.66 5.305 236 15.1 
12042 
12043 
12051 
12052 
12053 
111 
AB CD E F G H I J K L M N 0 p 
12061 204 245 11.4 18.22 15.89 4.50 5.461 11.7 
12062 
12063 
12071 204 249 6.4835 4.8154 1.0021 12.0 19.06 14.65 4.92 5.435 259 22.7 
12072 210 257 4.3313 2.9819 1.9825 11.4 18.08 14.37 5.06 5.338 257 24.7 
12073 
12081 204 252 3.9894 2.1071 2.3469 10.2 19.07 14.86 4.40 5.286 253 13.9 
12082 
12083 
12091 205 257 3.5214 1.8193 3.2103 10.4 18.71 15.16 5.22 5.363 257 5.6 
12092 
12093 
12101 209 266 4.3526 2.4037 2.7959 10.4 20.09 14.17 5.10 5.310 272 17.8 
12102 
12103 
12111 
12112 
12113 
13011 
13012 
13013 
13021 204 229 3.2276 2.3918 0.1377 7.2 26.18 6.25 2.20 230 11.3 
13022 204 229 4.2611 3.3144 0.1847 8.8 22.92 11.02 3.58 230 10.4 
13023 
13031 204 232 4.0816 3.5374 0.3760 8.4 22.69 10.32 3.35 5.131 232 12.9 
13032 204 232 4.7963 3.7923 0.2714 9.2 21.22 11.01 3.56 5.185 232 14.8 
13033 203 231 4.0870 3.0378 0.3052 8.5 23.36 8.83 3.23 5.155 232 10.7 
13041 203 235 5.3757 3.5998 1.1146 10.8 19.59 15.00 4.26 5.377 235 15.4 
13042 203 235 4.8697 3.2131 0.7059 10.1 20.51 15.23 4.65 5.370 235 14.9 
13043 203 235 4.9537 3.2434 0.7810 9.6 20.69 14.80 4.41 5.185 235 14.4 
13051 204 240 4.4182 5.1772 0.0000 10.8 19.11 13.94 4.48 5.245 251 16.7 
13052 204 240 5.2218 5.4660 0.2794 11.2 18.71 15.22 4.67 5.311 251 26.4 
13053 203 239 4.9777 3.2784 2.1092 11.8 18.41 15.94 4.63 5.388 251 19.3 
13061 204 245 11.1 19.07 14.91 4.18 5.329 23.6 
13062 203 243 5.1672 3.6846 0.3155 10.8 19.08 14.45 4.44 5.290 256 17.5 
13063 203 243 11.1 19.21 14.37 4.90 5.350 23.1 
13071 204 249 5.2501 3.7690 0.8252 11.3 19.31 14.37 4.66 5.565 258 13.5 
13072 204 249 4.8861 3.2569 0.8242 10.7 19.60 13.89 4.42 5.549 258 6.7 
13073 203 247 10.8 20.05 13.01 4.30 5.297 15.5 
13081 204 252 4.4165 2.6588 1.6053 10.2 19.61 14.09 4.00 5.243 253 12.5 
13082 204 252 3.8673 2.5949 3.1053 11.6 20.95 11.89 4.37 5.318 253 18.3 
13083 204 252 4.6241 2.8394 2.0852 10.8 18.32 14.32 5.51 5.389 253 18.6 
13091 203 255 4.4107 2.6884 2.6486 11.3 18.74 15.09 4.64 5.509 256 19.6 
13092 203 255 4.2029 2.5599 2.6037 11.3 19.26 14.86 5.07 5.544 256 18.4 
13093 203 255 4.2205 2.7967 2.2456 11.5 19.63 13.64 5.34 5.537 256 21.1 
13101 204 260 5.1252 2.6365 2.7681 11.1 18.65 14.67 5.17 5.488 272 21.6 
13102 204 260 3.9961 1.8035 4.1917 11.1 18.49 15.35 5.90 5.472 272 16.9 
13103 203 260 4.1585 2.2106 3.6902 11.2 20.03 13.07 4.71 5.436 272 11.8 
112 
AB CD E F G R I J K L M N 0 p 
13111 194 254 3.2196 1.8803 3.9484 11.7 18.71 15.58 6.51 5.780 256 25.5 
13112 192 252 3.6352 2.1636 3.8317 11.0 19.48 15.14 5.59 5.487 253 14.5 
13113 203 263 4.2195 2.0104 3.5707 11.4 18.25 15.08 5.97 5.588 272 
21011 207 229 2.4201 1.7273 0.0000 4.9 27.52 1.55 1.04 5.146 231 4.7 
21012 207 229 3.6670 2.9048 0.0000 7.5 26.52 5.07 3.50 5.328 231 9.2 
21013 
21021 206 231 3.9791 3.1757 0.3985 8.3 23.55 9.90 3.67 5.191 231 8.8 
21022 205 229 3.3906 2.3445 0.2089 6.4 24.18 6.84 2.92 5.182 231 10.4 
21023 
21031 205 233 3.8050 2.1980 0.2179 7.1 24.35 6.47 2.61 5.040 235 13.7 
21032 
21033 
21041 205 239 4.5100 2.5168 2.0885 10.8 18.40 16.51 5.49 5.469 242 17.9 
21042 
21043 
21051 
21052 205 241 4.3923 3.1122 1.8249 10.8 19.59 14.30 5.22 5.535 251 13.3 
21053 
21061 195 235 4.4157 2.3451 3.3939 11.7 19.50 16.21 5.28 5.416 235 16.4 
21062 195 235 4.294 2.2749 2.5662 10.7 19.21 16.69 6.10 5.503 235 21.0 
21063 
21071 207 251 4.0648 2.4542 3.6698 11.5 19.92 15.15 4.77 5.265 253 9.2 
21072 194 239 3.3717 1.7080 3.9946 11.5 19.21 16.14 6.22 5.843 242 22.8 
21073 
21081 205 253 3.8482 2.0333 3.2077 11.4 19.94 16.23 5.92 5.730 256 13.7 
21082 205 253 3.7284 1.9987 3.0862 11.2 19.88 16.13 5.96 5.726 256 20.3 
21083 
21091 207 259 4.1694 1.6325 4.6133 10.7 18.71 16.55 5.70 5.420 259 20.0 
21092 195 247 11.0 20.07 16.29 6.13 5.386 24.1 
21093 
21101 195 251 3.4438 1.7366 5.6809 12.l 18.69 16.97 6.08 5.681 253 19.6 
21102 
21103 
21111 
21112 207 267 4.3231 1.5947 5.6842 12.5 19.79 16.15 6.71 5.689 272 28.1 
21113 194 259 2.8817 1.2129 6.3560 11.0 20.67 15.59 7.04 5.640 259 21.2 
22011 206 229 3.9783 2.4426 0.2015 7.0 22.70 10.58 3.85 5.077 231 12.2 
22012 
22013 
22021 205 229 4.2532 2.6562 0.3103 7.8 21.84 10.95 3.75 5.127 231 16.9 
22022 205 229 3.6806 2.3535 0.2761 6.7 22.77 9.72 2.97 5.026 231 10.l 
22023 
22031 202 231 4.7761 3.1130 0.4224 9.2 20.70 11.44 4.39 5.180 232 15.9 
22032 202 231 4.6960 2.9987 1.1777 9.6 19.78 14.61 5.14 5.281 232 19.9 
22033 
22041 205 239 4.0714 2.3993 1.4040 9.9 18.90 16.85 5.51 5.350 242 16.3 
22042 205 239 4.2582 2.5737 1.3950 10.3 18.81 17.08 5.63 5.314 242 16.1 
22043 
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AB CD E F G H I J K L M N 0 p 
22051 205 241 4.8041 3.1507 0.0000 8.9 20.00 13.69 4.85 5.263 253 4.2 
22052 
22053 
22061 202 242 11.0 19.24 16.00 5.83 5.427 19.9 
22062 202 242 12.1 18.60 16.77 5.94 5.575 24.3 
22063 
22071 202 247 11.4 18.81 15.51 5.76 5.347 26.0 
22072 201 245 10.0 19.27 16.00 5.57 5.370 14.5 
22073 
22081 204 252 4.0809 1.9082 2.4491 9.7 19.52 16.20 5.65 5.262 253 10.6 
22082 205 253 3.4539 1.4616 3.7864 10.2 19.81 16.60 6.11 5.623 256 30.5 
22083 
22091 205 257 3.9606 1.8459 3.5017 11.4 19.35 15.68 5.68 5.515 257 15.1 
22092 200 252 3.1218 1.3147 4.5928 11.9 18.55 17.64 6.13 5.789 253 29.6 
22093 
22101 202 258 3.1101 1.6467 4.1978 11.3 19.94 16.07 6.15 5.383 258 11.8 
22102 202 258 3.6924 1.7886 3.5079 11.3 19.88 16.22 6.17 5.497 258 24.7 
22103 202 258 3.4485 1.6862 4.2699 11.4 19.61 16.88 6.34 5.484 258 20.2 
22111 193 253 2.8257 1.2656 4.2034 10.4 20.16 16.08 6.83 5.755 256 15.1 
22112 193 253 3.0979 1.3657 3.9932 9.6 19.36 16.47 6.22 5.556 256 21.7 
22113 
23011 
23012 
23013 
23021 204 229 2.7653 1.8604 0.1208 5.9 26.15 5.73 2.00 5.121 230 10.2 
23022 204 229 2.9710 1.9220 0.1431 6.1 26.38 5.66 2.96 5.085 230 10.1 
23023 
23031 203 231 3.8304 2.7075 1.1138 8.7 20.65 13.89 4.96 5.319 232 17.9 
23032 204 232 3.5583 2.8553 0.9780 8.2 21.78 11.90 5.28 5.348 232 6.4 
23033 
23041 204 236 4.4964 3.0032 0.9134 9.4 20.30 13.72 5.24 5.413 236 18.9 
23042 204 236 4.2008 2.7292 0.9360 9.5 19.63 14.24 5.36 5.408 236 20.5 
23043 
23051 204 240 3.8505 4.0233 0.0000 9.4 20.28 12.83 5.18 5.240 251 20.5 
23052 203 239 4.7899 3.3360 0.1402 9.3 19.56 13.50 5.07 5.263 251 13.4 
23053 204 240 4.0236 4.0323 0.1404 10.0 19.87 13.75 5.19 5.333 251 18.6 
23061 203 243 10.3 19.77 14.16 5.42 5.387 24.0 
23062 203 243 9.8 20.27 14.17 5.47 5.373 18.8 
23063 
23071 204 249 4.3731 2.5442 1.9800 9.5 19.02 13.41 6.27 5.505 259 18.1 
23072 204 249 4.5646 2.3217 1.7581 9.7 19.66 14.52 6.20 5.475 258 21.8 
23073 
23081 204 252 4.2231 2.0872 3.2145 11.2 19.59 16.02 5.96 5.634 253 22.5 
23082 204 252 4.1211 2.0523 2.8087 9.9 19.33 14.91 5.73 5.412 253 13.9 
23083 
23091 204 257 3.9648 2.0722 2.3905 11.0 19.99 15.35 6.22 5.681 257 16.0 
23092 204 257 3.7292 1.7696 2.5826 10.5 18.99 13.99 6.60 5.644 257 19.0 
23093 
114 
AB CD E F G H I J K L M N 0 p 
23101 203 259 4.3485 2.2020 3.5544 11.3 19.85 14.19 6.04 5.637 259 26.5 
23102 203 259 4.2472 2.1815 4.5061 11.2 20.39 14.68 6.37 5.620 259 11.7 
23103 204 260 3.5288 1.3625 4.5472 11.1 19.41 13.59 6.37 5.747 272 29.2 
23111 204 266 3.5927 1.0231 4.4646 10.4 20.66 15.34 7.17 6.048 272 24.4 
23112 203 263 3.6041 1.2966 3.9700 10.2 19.69 14.44 6.31 5.611 272 16.9 
23113 204 266 3.9470 1.2450 4.4700 10.8 21.28 14.33 6.78 6.123 272 24.2 
31011 210 231 3.2004 2.3522 0.2434 6.3 29.53 2.02 .28 4.918 231 12.4 
31012 232 252 1.8564 1.6202 0.0000 4.5 29.93 -.32 -1.3 4.950 253 3.2 
31013 
31021 209 233 2.7407 1.5476 0.0000 5.0 27.19 
31022 
31023 
31031 210 239 4.5965 3.5577 0.6686 10.0 20.27 
31032 
31033 
31041 210 242 4.9926 3.3371 0.0000 9.4 20.47 
31042 
31043 
31051 201 239 4.9524 3.4670 1.1272 10.7 19.84 
31052 
31053 
31061 210 251 4.6105 2.7369 2.0594 11.1 19.59 
31062 
31063 
31071 209 253 3.9996 2.2509 1.2579 9.2 19.86 
31072 
31073 
31081 202 251 4.2255 2.3856 3.7920 11.9 18.52 
31082 
31083 
1.25 -2. 1 4.928 235 
14.65 4.48 5.190 242 
12.57 3.98 5.217 253 
15.01 5.21 5.437 242 
16.01 4.41 5.300 253 
12.94 4.50 5.318 256 
15.69 5.70 5.636 253 
13.1 
21.6 
27.4 
10.5 
22.2 
21.l 
26.4 
31091 210 263 3.9764 1.9962 4.1100 11.2 18.62 16.53 5.26 5.456 272 26.6 
31092 
31093 
31101 
31102 
31103 
31111 
31112 
31113 
32011 
32012 208 229 1.9069 1.2856 0.0000 3.7 27.46 
32013 208 229 3.1497 1.7734 0.0000 5.6 26.37 
32021 
32022 208 232 2.9473 2.2196 0.1843 6.2 30.13 
32023 
32031 202 231 4.0551 3.1763 0.6903 8.8 23.10 
32032 202 231 4.3477 2.9598 0.2966 8.6 22.22 
32033 
1.79 -.51 4.914 231 11.6 
3.63 .10 5 .009 231 17.5 
-.22 1. 77 5.067 232 13.7 
6.54 2.96 5.201 232 6.7 
8.66 3.16 5.183 232 13.4 
115 
AB CD E F G H I J K L M N 0 p 
32041 
32042 201 233 5.0064 2.9941 1.7363 11.0 19.31 14.19 5.35 5.446 235 23.0 
32043 207 239 4.9666 3.7014 0.1917 9.2 21.59 10.26 4.15 5.186 243 10.4 
32051 202 239 4.6949 3.2285 1.6074 10.8 20.56 14.94 6.05 5.526 242 19.3 
32052 201 239 4.6345 3.3204 1.6051 11.4 19.85 16.39 5.63 5.611 242 25.2 
32053 202 239 4.3208 2.9446 1.3173 10.4 19.74 13.97 4.98 5.378 242 13.9 
32061 193 233 4.2537 2.4321 1.6455 10.8 19.01 15.71 5.75 5.584 235 16.3 
32062 193 233 4.8023 2.7712 1.4113 10.3 18.90 15.31 5.57 5.500 235 17.5 
32063 
32071 201 245 11.5 
32072 205 249 4.8821 3.1128 1.4940 10.9 
32073 195 239 4.2589 2.5144 3.0498 11.5 
32081 195 243 11.7 
32082 195 243 10.9 
32083 
19.00 14.29 5.10 5.486 
19.46 13.29 5.24 5.411 
19.19 14.94 5.60 5.586 
19.23 14.12 5.29 5.453 
18.84 13.60 6.39 5.760 
32091 194 247 
32092 194 247 
32093 
11.2 19.87 14.42 5.68 5.681 
10.3 18.79 13.70 6.39 5.760 
253 
243 
24.1 
13.8 
20.4 
16.4 
23.6 
17.6 
20.6 
32101 205 261 4.1141 1.8768 3.6870 11.0 19.32 13.87 5.57 5.471 272 26.5 
32102 205 261 4.7252 2.4334 3.6415 11.5 19.22 13.79 5.70 5.693 272 34.8 
32103 
32111 194 254 3.3550 1.3839 3.8900 11.0 20.21 13.80 5.99 5.789 256 18.8 
32112 202 263 4.6090 1.8308 4.0647 11.4 19.20 13.56 5.86 5.791 272 23.1 
32113 
33011 209 229 2.3498 1.8548 0.0720 5.0 30.30 .51 .73 
33012 
33013 
230 11.9 
33021 210 234 4.0311 2.5812 0.3831 7.9 26.06 7.00 3.63 5.120 235 21.l 
33022 210 234 2.8265 1.9716 0.0817 5.5 29.85 .08 3.79 5.062 235 8.4 
33023 209 233 4.1397 2.8805 0.0000 7.9 26.34 5.27 2.72 5.159 235 16.8 
33031 209 239 4.3345 3.2243 0.0000 9.3 23.97 11.04 4.80 5.179 242 18.9 
33032 209 239 4.7272 3.5722 0.0982 9.8 23.52 10.55 4.56 5.233 242 12.7 
33033 210 239 4.2932 3.8967 0.0000 8.6 22.65 9.49 3.89 5.110 243 7.9 
33041 209 241 4.7535 3.5230 0.0000 9.5 21.62 10.87 3.55 5.234 253 11.2 
33042 209 241 4.4081 3.3969 0.0000 8.8 23.57 7.51 3.72 5.210 253 12.4 
33043 209 241 4.7419 3.4502 0.0427 9.4 22.20 9.23 3.60 5.259 253 12.0 
33051 210 245 10.5 20.95 11.87 4.19 5.275 11.0 
33052 210 245 10.2 20.30 11.70 3.95 5.282 12.1 
33053 210 245 5.1699 4.0875 0.1921 11.1 20.58 13.19 4.51 5.352 256 22.9 
33061 209 249 4.7944 3.3718 1.8234 11.4 19.50 13.51 5.06 5.397 253 30.8 
33062 209 249 4.8872 3.2011 0.4103 9.2 20.42 12.25 3.96 5.127 253 15.0 
33063 210 249 3.5939 2.5397 0.0593 7.8 24.36 6.74 3.99 5.200 258 19.5 
33071 209 253 4.5638 3.2071 1.3371 10.9 19.22 13.86 4.75 5.344 256 15.3 
33072 209 253 4.2169 2.7978 1.1099 9.6 19.80 12.63 3.91 5.267 256 11.3 
33073 
33081 209 257 4.0789 2.2859 1.7522 10.2 19.32 13.73 4.77 5.329 257 19.3 
33082 209 257 3.7174 2.3648 1.2501 9.4 21.40 10.97 4.85 5.312 257 12.6 
33083 209 257 3.6764 1.9476 1.8874 10.2 19.00 13.53 5.53 5.468 257 23.9 
116 
AB CD E F G H I J 
33091 192 244 9.8 
33092 192 244 11.5 
33093 192 244 11.3 
33101 201 257 4.0200 2.6009 3.0863 12.4 
33102 201 257 3.6803 2.0395 3.9520 12.2 
33103 210 266 4.0070 2.0920 3.2970 10.8 
33111 195 255 3.6838 1.4697 3.5294 11.2 
33112 193 253 3.3120 1.5301 4.2209 11.3 
33113 210 267 4.2044 2.0998 3.1242 11.1 
41011 206 229 3.3110 2.1286 0.0000 6.3 
41012 
41013 
K L M N 0 p 
19.66 13.91 5.69 5.774 18.7 
19.12 15.14 6.39 6.021 22.8 
19.50 15.82 5.24 5.907 13.4 
19.42 14.67 5.48 5.606 257 13.4 
19.45 14.59 6.13 5.724 257 30.9 
19.82 14.40 5.83 5.677 272 24.9 
19.56 14.11 5.51 6.026 256 23.5 
19.91 14.62 5.81 6.032 256 24.1 
18.79 15.01 5.78 5.628 272 29.5 
25.69 6.33 1.64 5.005 231 9.6 
41021 205 229 2.3084 1.4722 0.0375 4.5 27.53 
41022 205 229 2.8454 2.1392 0.0000 5.5 26.52 
41023 205 229 3.5355 2.3779 0.1723 7.1 24.17 
41031 205 233 3.3367 1.8541 0.2133 6.4 25.43 
41032 205 233 4.2081 2.7417 0.1948 8.4 23.23 
2.40 -.70 4.860 231 
4.69 0.33 5.040 231 
6.27 1.41 5.134 231 
6.36 2.16 4.922 235 
9.05 3.01 5.037 235 
13.4 
10.0 
11.2 
13.5 
20.3 
41033 
41041 206 239 4.4110 3.0290 0.3611 
41042 204 236 4.2959 2.7353 0.2220 
41043 204 236 4.1548 2.7875 0.3686 
41051 205 241 5.3921 3.7464 0.3511 
41052 206 242 5.1259 3.5112 0.0000 
41053 
10.0 21.14 14.82 4.68 5.235 242 
8.4 23.74 9.43 3.95 5.102 236 
8.4 24.99 8.09 4.02 5.093 236 
10.3 19.90 12.66 4.82 5.338 251 
10.3 21.24 11.60 4.48 5.293 253 
19.l 
13.2 
13.8 
13.9 
16.8 
41061 
41062 205 245 
41063 205 245 
41071 204 249 
41072 205 249 4.3195 
41073 
9.0 
10. 7 
10.9 
2.6057 1.0923 10.4 
41081 201 249 5.3681 3.2846 2.5652 11.2 
41082 204 252 3.6586 2.2763 2.5931 10.0 
41083 205 253 3.8355 2.0805 3.2885 11.2 
41091 206 258 3.7037 1.8229 3.0471 10.4 
41092 202 254 4.0979 2.3971 2.4824 10.8 
41093 202 254 3.9530 2.2682 2.4109 10.6 
41101 195 251 5.6690 3.4688 2.7699 10.4 
41102 204 260 3.8199 1.7028 3.5151 10.6 
41103 
41111 205 266 3.5714 1.3146 4.5702 11.2 
41112 202 263 3.7400 1.3206 4.7952 11.4 
41113 202 263 3.6463 1.2024 5.0719 11.4 
42011 206 229 3.5804 2.2273 0.0000 6.6 
42012 206 229 2.2245 1.6287 0.0000 4.4 
42013 206 229 3.1957 2.2897 0.0000 6.3 
42021 204 229 3.1954 1.9948 0.0000 6.1 
42022 204 229 2.4374 1.7256 0.0883 5.3 
42023 
20.37 11.76 3.93 5.147 12.3 
20.30 13.62 4.49 5.347 30.2 
19.09 13.76 5.00 5.543 21.9 
19.40 14.49 5.27 5.311 257 16.2 
19.34 15.52 5.51 5.441 257 17.8 
19.28 14.68 4.49 5.400 253 7.3 
18.95 14.97 5.32 5.841 256 19.8 
18.29 14.23 5.53 5.436 258 16.5 
19.37 14.05 5.68 5.545 256 13.7 
19.35 14.26 5.49 5.550 256 17.4 
19.09 13.68 4.89 5.254 253 17.4 
18.52 14.73 5.34 5.840 272 22.7 
19.06 15.72 5.70 6.106 272 32.2 
19.24 14.74 5.51 5.955 272 19.1 
19.57 14.46 5.80 6.011 272 20.0 
26.43 4.89 1.26 5.003 231 13.8 
28.34 1.22 -.13 4.881 231 11.8 
26.61 4.48 2.06 5.020 231 12.0 
27.89 2.31 1.51 4.985 231 11.5 
27.21 2.51 0.09 4.930 230 10.8 
117 
AB CD E F G H I J K L M N 0 p 
42031 205 233 4.5224 3.1521 0.1140 8.4 23.45 10.09 3.52 5.144 235 9.0 
42032 205 233 4.5672 3.1885 0.1958 9.1 22.37 11.98 3.90 5.082 235 19.2 
42033 204 232 3.5443 2.5066 0.2646 7.1 28.30 3.22 3.37 4.988 232 13.l 
42041 204 236 4.5288 3.4208 0.6357 10.1 21.76 13.25 4.50 5.317 236 16.0 
42042 205 239 4.7652 3.3168 0.4792 9.5 21.72 12.75 4.97 5.285 242 16.2 
42043 204 236 4.9610 3.3515 0.4525 9.1 22.88 12.38 4.86 5.381 236 16.7 
42051 205 241 4.9477 3.4045 0.0000 9.8 21.07 12.19 4.17 5.266 253 15.7 
42052 204 240 5.2019 3.6235 0.1950 9.2 21.25 10.55 3.72 5.090 251 10.6 
42053 204 240 5.8576 4.1112 0.1903 9.7 19.42 12.91 4.18 5.171 251 12.l 
42061 204 245 10.4 19.05 14.73 5.03 5.510 27.9 
42062 205 245 4.3996 2.6591 0.4260 10.3 20.03 13.55 5.53 5.294 257 27.2 
42063 204 245 11.1 18.66 14.82 5.11 5.447 5.5 
42071 204 249 5.4364 3.8352 1.5799 11.0 19.22 14.26 4.60 5.469 259 22.0 
42072 205 249 4.3117 2.8511 2.4419 11.2 18.35 15.04 4.79 5.420 253 23.2 
42073 204 249 4.7630 3.4110 0.5651 11.0 18.64 14.21 4.95 5.427 257 16.7 
42081 205 253 4.3111 2.7352 1.5230 10.1 19.12 13.12 5.16 5.380 256 14.8 
42082 204 252 4.0444 2.3823 3.1499 11.1 18.89 15.12 5.28 5.561 253 22.3 
42083 204 252 4.1421 2.3709 2.7173 10.7 19.53 14.52 5.06 5.352 253 18.6 
42091 
42092 205 257 3.3884 1.5755 3.2616 11.1 18.81 15.37 5.79 5.655 257 21.5 
42093 205 257 3.8764 1.9072 1.8127 10.0 19.12 13.94 4.23 5.324 257 15.3 
42101 204 260 4.1571 1.9403 4.4058 11.1 18.78 15.26 5.57 5.666 272 18.1 
42102 204 260 4.4698 1.9439 3.5609 10.7 18.43 14.33 5.14 5.824 272 19.5 
42103 204 260 4.1328 2.0450 2.9059 11.0 19.05 14.18 5.17 5.765 272 19.2 
42111 202 263 3.9889 1.4557 4.5459 11.3 18.70 14.74 6.20 5.631 272 24.5 
42112 202 263 2.9626 1.7598 4.0967 11.4 19.13 15.37 5.36 6.021 272 22.3 
42113 201 261 4.2726 1.8776 4.0731 11.3 19.59 14.88 6.90 5.803 272 26.8 
43011 
43012 
43013 
43021 204 229 3.1110 2.4682 0.2194 6.4 27.10 5.38 3.08 5.061 230 10.3 
43022 204 229 2.1636 1.7167 0.0000 4.7 31.72 0.48 -.77 5.028 230 11.8 
43023 204 229 4.4097 3.7494 0.3435 8.7 28.19 6.37 0.86 5.187 230 13.6 
43031 204 232 4.3478 3.3653 0.3779 8.0 25.03 7.56 3.90 5.073 232 13.4 
43032 204 232 4.5442 3.6856 0.4718 9.2 22.18 9.70 3.66 5.246 232 10.8 
43033 203 232 4.3448 3.4092 0.4724 8.2 25.20 6.49 3.62 5.068 232 14.5 
43041 204 236 4.9408 3.3237 0.4231 9.2 21.50 12.75 4.46 5.245 236 14.6 
43042 204 236 5.0680 3.6703 0.5537 9.5 22.98 12.10 4.43 5.236 236 21.2 
43043 204 235 4.7993 3.3052 0.6002 9.3 22.39 12.51 4.43 5.280 235 14.5 
43051 204 240 3.4814 3.5417 0.0000 7.7 23.49 8.02 3.55 5.072 251 18.8 
43052 204 240 5.2933 5.8000 0.0000 10.4 20.08 12.37 4.48 5.240 251 16.5 
43053 203 239 4.8361 3.1272 0.2982 9.8 20.09 12.69 4.89 5.253 251 20.8 
43061 204 245 10.8 18.97 14.25 5.02 5.345 18.1 
43062 204 245 11.5 19.34 14.52 5.02 5.509 23.8 
43063 204 245 10.5 19.05 14.23 5.39 5.394 13.6 
43071 204 249 4.3718 2.6382 0.6665 9.9 20.65 11.96 4.83 5.280 258 18.5 
43072 204 249 4.2461 2.9656 1.5225 10.4 19.69 14.95 4.89 5.256 258 27.4 
43073 204 249 4.4217 2.6623 1.3288 10.0 19.13 13.00 4.89 5.300 257 13.0 
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43081 
43082 
43083 
43091 
43092 
203 251 2.7739 1.6958 2.8743 
203 251 4.1021 2.7037 3.4255 
203 251 4.8199 2.6100 2.8477 
204 257 3.9834 2.1633 3.1614 
12.2 18.19 16.07 5.22 5.608 253 21.9 
11.5 18.34 15.64 4.98 5.401 253 11.1 
11.4 18.52 15.00 5.19 5.372 253 14.4 
11.5 18.88 15.24 5.43 5.663 257 33.2 
43093 203 255 3.8014 1.7745 3.3257 10.2 
43101 204 260 4.0376 1.8652 4.5521 11.4 
43102 204 260 3.8434 1.6691 4.2510 11.0 
43103 204 260 3.9291 1.4856 5.1997 11.4 
43111 202 263 3.6612 1.2878 4.7210 10.8 
43112 202 263 3.7755 1.4713 5.7601 11.8 
43113 201 261 4.3236 1.8742 4.5891 11.5 
19.67 15.33 5.73 5.410 256 14.2 
18.60 15.27 5.43 5.692 272 26.9 
17.79 15.03 5.05 5.666 272 20.2 
18.75 16.28 5.57 5.631 272 23.0 
18.57 15.96 5.82 5.634 272 17.8 
19.56 15.82 6.06 5.857 272 26.0 
18.73 16.07 6.03 5.736 272 23.1 
119 
1983 Watermelon Data 
VARIABLE NAME 
aJLTIVAR 
REPLICATION 
DAY 
120 
DATA FIELD KEY 
FRJCI'OSE, g/100 g of juice 
GLUCDSE, g/100 g of juice 
&JffiOSE, g/100 g of juice 
REFRACTIVE INDEX, °arix 
MELOO WEIGHT, FOun~ 
FIELD 
A 
B 
c 
D 
E 
F 
G 
H 
121 
~c D E F G H 
1100 5.4875 4.2981 5.1385 12.7 23.0 
1102 4.9807 3.9825 4.8448 13.0 
1104 5.5911 4.0682 5.1969 12.7 
1106 5.1678 3.5029 4.6676 13.0 
1108 5.5176 4.1273 4.1129 12.8 
1110 5.6736 4.3972 4.9435 12.8 
1113 6.1634 4.0558 5.0690 13.1 
1115 4.2902 3.7086 3.9753 13.2 
1117 4.7643 3.4295 3.7485 12.8 
1120 4.4134 3.3840 3.5552 13.2 
1123 4.6036 3.3235 3.7373 13.4 
1130 3.7057 2.7399 3.3817 13.4 
1137 4.7223 3.6805 3.3522 13.5 
1144 4.6961 3.9606 2.8490 13.0 
1200 4.6070 3.0655 6.4262 12.5 26.2 
1202 4.4470 3.1463 6.8271 12.5 
1204 4.2473 2.6396 6.3293 12.5 
1206 4.7159 3.3062 6.2023 12.7 
1208 4.7703 3.2330 5.5228 12.5 
1210 4.9415 3.3327 6.8329 12.7 
1213 5.0486 3.4224 6.6641 12.7 
1215 3.5658 2.5910 5.8503 12.7 
1217 3.5767 2.2624 4.5664 12.7 
1220 3.9974 2.5712 5.0359 13.1 
1223 4.0794 2.6205 5.4958 13.4 
1230 3.8629 2.9918 4.7918 13.1 
1237 3.8817 2.5671 4.7971 12.8 
1244 4.0400 2.8080 4.7818 13.6 
1300 5.7351 4.7259 3.7594 12.2 22.9 
1302 5.5310 4.6212 3.9312 12.4 
1304 5.8354 4.3698 3.8407 12.2 
1306 5.6878 4.2689 3.4322 12.6 
1308 5.9347 4.7947 3.1764 12.3 
1310 6.0355 4.8158 3.7170 12.4 
1313 6.4982 4.6093 3.6348 12.4 
1315 4.6472 4.1333 2.8016 12.6 
1317 5.4624 4.0641 2.8549 12.8 
1320 5.0460 3.8179 2.5272 12.8 
1323 4.9272 3.7513 2.6123 12.8 
1330 4.5922 3.4349 2.2051 13.0 
1337 5.1237 4.3107 2.1089 12.4 
1344 5.1708 4.3488 2.0295 13.0 
1400 6.0786 4.7203 3.4068 11.9 26.6 
1402 6.1494 4.8201 3.2155 12.0 
1404 6.3253 4.7155 3.2409 11.9 
1406 6.1541 4.2158 2.8127 12.0 
1408 6.2642 4.6895 2.6183 12.0 
1410 6.3977 4.8370 3.0082 12.0 
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1413 6.6605 4.9353 3.3688 12.0 
1415 4.7901 3.6441 2.0944 12.2 
1417 5.4170 3.8262 1.9771 12.8 
1420 5.3068 3.8425 1.9698 12.1 
1423 5.2027 3.7997 2.0980 12.2 
1430 5.3705 3.9759 1.8285 12.3 
1437 5.2337 3.9993 1.4255 12.2 
1444 5.7766 4.4877 1.2593 12.1 
H 
1500 5.4686 4.3078 4.7777 12.5 36.7 
1502 5.4698 4.4841 4.7370 12.7 
1504 5.5265 4.1241 5.0990 12.8 
1506 5.7653 4.1496 5.3254 12.7 
1508 6.1219 4.9723 4.1919 12.8 
1510 5.9907 4.6365 4.8378 12.9 
1513 6.2431 4.8421 5.0794 13.2 
1515 4.3231 3.7525 3.7458 13.0 
1517 4.8716 3.6263 3.3081 13.1 
1520 4.7323 3.4725 3.2199 13.6 
1523 4.6499 3.5894 3.5553 12.8 
1530 4.5517 3.6309 3.3637 13.1 
1537 4.7260 3.2491 2.9705 12.6 
1544 5.0485 3.9139 2.9378 12.9 
1600 4.6490 3.5126 5.2388 12.4 36.8 
1602 5.3263 3.9573 5.8860 12.5 
1604 5.1389 3.5379 6.0488 12.4 
1606 4.8479 3.4416 5.3366 12.4 
1608 5.2652 3.5680 5.1106 12.4 
1610 5.2634 3.9258 6.2390 12.6 
1613 5.1915 3.6119 6.0473 13.1 
1615 3.8820 3.1067 4.6297 12.8 
1617 4.1856 2.9638 4.3830 12.8 
1620 4.3651 3.0978 4.2850 12.5 
1623 4.2190 2.9581 4.2876 13.2 
1630 4.0778 2.7408 4.5163 12.6 
1637 4.4037 3.4043 4.0474 12.9 
1644 4.1580 3.0713 4.0833 12.6 
2100 5.4904 4.1181 4.2383 12.5 25.3 
2102 5.3149 4.0508 4.1431 12.4 
2104 5.7965 4.3350 4.4169 12.6 
2106 5.5756 4.4930 3.9541 12.5 
2108 5.8495 4.5351 3.6271 12.5 
2110 6.1042 4.7650 4.2781 12.5 
2113 6.6068 4.8144 4.3262 12.6 
2115 4.4780 3.6522 3.3157 12.2 
2117 4.6251 3.3743 3.2374 12.6 
2120 4.9122 3.8659 2.9828 13.2 
2123 4.9147 3.7368 2.8668 13.4 
2130 4.8845 3.8843 3.0499 13.1 
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2137 4.9584 4.0631 2.7496 13.8 
2144 5.1465 3.8113 2.4231 13.8 
R 
2200 5.7053 4.2252 5.1510 12.5 27.4 
2202 5.6351 4.2024 4.9093 12.8 
2204 5.9119 4.0434 5.0834 12.5 
2206 5.7505 3.8290 4.6086 12.7 
2208 5.9627 6.3446 3.3003 12.6 
2210 6.1458 4.4157 5.1025 12.7 
2213 6.2632 4.3578 4.9310 13.0 
2215 4.3654 3.5684 3.7406 11.7 
2217 4.9422 3.4749 3.4346 13.4 
2220 4.9401 3.5059 3.4721 12.8 
2223 4.6647 3.3973 3.3280 12.6 
2230 4.7106 3.5522 3.5513 13.4 
2237 5.0296 3.7791 3.3470 12.8 
2244 5.4824 3.2875 2.5411 12.8 
2300 5.2466 3.8978 4.6161 12.1 33.8 
2302 5.3032 3.8343 4.8109 12.2 
2304 5.0261 3.7081 4.6148 12.1 
2306 5.2690 3.5051 4.5373 12.2 
2308 5.6784 4.1275 4.0168 12.2 
2310 5.6805 4.2458 4.8229 12.4 
2313 6.1951 4.1840 4.6955 12.2 
2315 4.1367 3.4639 3.7341 12.2 
2317 4.7441 3.1721 3.4919 12.2 
2320 4.6624 3.4886 3.3983 12.4 
2323 4.6636 3.2137 3.4236 12.6 
2330 4.7986 3.9514 3.4692 12.4 
2337 4.4940 3.4803 2.8624 12.3 
2344 4.6158 4.1323 2.0759 12.8 
2400 4.7935 3.5891 5.8582 12.9 37.1 
2402 4.8115 3.9924 6.2500 13.0 
2404 4.9640 3.8612 6.6460 13.0 
2406 5.0905 3.8022 5.6521 13.3 
2408 5.2336 4.0065 5.7221 13.0 
2410 5.3086 4.1651 6.9875 13.0 
2413 5.5044 4.6538 6.6843 13.1 
2415 3.7494 2.9906 5.0491 13.2 
2417 4.2747 3.1407 4.3482 13.4 
2420 4.0396 2.9559 4.6386 13.2 
2423 4.0699 3.1253 4.9945 13.7 
2430 4.0787 2.8800 4.8037 13.1 
2437 4.0074 2.6342 4.5821 13.1 
2444 4.0961 2.9172 4.2296 13.0 
2500 5.8709 4.5711 3.7311 12.4 26.3 
2502 5.9557 4.6767 3.6055 12.6 
2504 6.1428 4.8074 4.1431 12.5 
2506 5.7134 4.0233 3.7114 12.5 
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2508 6.3446 5.0421 3.3003 12.8 
2510 6.5100 4.8766 3.8048 12.7 
2513 6.7430 5.3015 4.0848 12.8 
2515 4.9539 3.8869 2.7963 12.0 
2517 5.2915 4.0795 2.7031 13.0 
2520 5.1784 4.0159 2.6074 12.8 
2523 5.1065 3.9593 2.5826 12.7 
2530 5.0982 3.8245 2.0935 12.7 
2537 5.1997 4.0245 2.1429 12.9 
2544 5.3167 4.1786 1.6538 13.4 
H 
2600 5.2383 3.5356 4.3306 11.6 26.3 
2602 5.2393 3.8276 4.2041 11.7 
2604 5.1236 3.3917 4.3782 11.7 
2606 5.4937 3.8086 4.0943 11.8 
2608 5.7366 3.7235 3.8678 11.9 
2610 5.9068 3.8598 4.6793 12.0 
2613 6.2754 4.0466 4.9361 11.8 
2615 4.3643 3.2757 3.3041 11.6 
2617 4.5072 2.9750 2.8370 12.l 
2620 4.7115 3.0532 2.9369 11.8 
2623 4.5675 2.9149 3.0421 12.4 
2630 4.5767 3.0558 2.8837 11.8 
2637 4.7842 3.3987 2.7578 12.3 
2644 5.4748 4.0068 0.6667 12.2 
125 
APPENDIX B. 
1982 Heat Unit Data 
VARIABLE NAME 
aJLTIVAR 
REPLICATION 
126 
DATA FIELD KEY 
PGE Cl to 11 is 20 to 60 days after 
anthesis at 4 day intervals) 
JULIAN HARVFSI' mTE 
JULIAN AN'll:IF.sIS mTE 
HF.AT UNITS 
Method II, base = 65°F 
Method I, base = 65°b 
Method II, base = 62 F 
Method I, base = 60 F 
FIELD 
A 
B 
c 
D 
E 
F 
G 
H 
I 
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A B C D E F G H I 
1 1 28 255 226 157 204 271 302 
1 1 32 239 206 226 265 361 381 
1 1 32 242 210 201 242 330 355 
1 1 36 241 205 239 284 386 409 
1 1 40 249 209 240 295 402 434 
1 1 44 253 209 258 319 433 471 
1 1 48 252 204 288 353 480 516 
1 1 52 257 209 277 342 466 508 
1 1 52 261 209 278 344 469 515 
1 1 56 263 206 303 375 508 559 
1 1 60 266 205 316 393 530 587 
1 2 20 239 219 104 134 181 198 
1 2 32 236 204 231 267 367 380 
1 2 44 249 204 279 340 463 495 
1 2 44 257 210 270 333 455 498 
1 2 48 252 204 288 353 480 516 
1 2 52 257 205 310 379 517 560 
1 2 56 266 209 283 356 479 536 
1 3 24 229 204 180 207 286 299 
1 3 24 229 204 180 207 286 299 
1 3 28 232 204 209 236 330 340 
1 3 28 232 204 209 236 330 340 
1 3 28 231 203 207 235 326 338 
1 3 32 235 203 235 270 371 384 
1 3 32 235 203 235 270 371 384 
1 3 32 235 203 235 270 371 384 
1 3 36 240 204 242 287 390 410 
1 3 36 240 204 242 287 390 410 
1 3 36 239 203 247 290 395 414 
1 3 40 243 203 258 310 422 449 
1 3 44 249 204 279 340 463 495 
1 3 44 249 204 279 340 463 495 
1 3 48 252 204 288 353 480 516 
1 3 48 252 204 288 353 480 516 
1 3 48 252 204 288 353 480 516 
1 3 52 255 203 322 392 532 573 
1 3 52 255 203 322 392 532 573 
1 3 52 255 203 322 392 532 573 
1 3 56 260 204 316 387 527 571 
1 3 56 260 204 316 387 527 571 
1 3 56 260 203 323 394 537 581 
1 3 60 254 194 378 457 625 667 
1 3 60 252 192 372 453 617 658 
1 3 60 263 203 325 400 542 592 
2 1 20 229 207 155 178 247 262 
2 1 20 229 207 155 178 247 262 
2 1 24 231 206 185 210 292 305 
2 1 24 229 205 174 199 276 289 
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2 1 28 233 205 209 237 329 341 
2 1 32 239 205 234 275 375 394 
2 1 36 241 205 238 284 386 409 
2 1 40 235 195 293 338 467 483 
2 1 40 235 195 293 338 467 483 
2 1 44 251 207 257 316 430 468 
2 1 44 239 194 311 365 502 523 
2 1 48 253 205 291 356 484 522 
2 1 48 253 205 291 356 484 522 
2 1 52 259 207 291 358 488 533 
2 1 56 251 195 347 420 575 614 
2 1 60 267 207 297 372 501 560 
2 1 60 259 194 387 469 644 689 
2 2 20 229 206 165 189 262 276 
2 2 24 229 205 174 199 276 289 
2 2 24 229 205 174 199 276 289 
2 2 28 231 202 214 244 337 349 
2 2 28 231 202 214 244 337 349 
2 2 32 239 205 234 275 375 394 
2 2 32 239 205 234 275 375 394 
2 2 36 241 205 238 284 386 409 
2 2 48 252 204 288 353 480 516 
2 2 48 253 205 291 356 484 522 
2 2 52 257 205 310 379 517 560 
2 2 52 252 200 318 386 528 563 
2 2 56 258 202 330 403 548 591 
2 2 56 258 202 330 403 548 591 
2 2 56 258 202 330 403 548 591 
2 2 60 253 193 375 455 621 662 
2 2 60 253 193 375 455 621 662 
2 3 24 229 204 180 207 286 299 
2 3 24 229 204 180 207 286 299 
2 3 28 231 203 207 235 326 338 
2 3 28 232 204 209 236 330 340 
2 3 32 236 204 231 267 367 380 
2 3 32 236 204 231 267 367 380 
2 3 36 240 204 242 287 390 410 
2 3 36 239 203 247 290 395 414 
2 3 36 240 204 242 287 390 410 
2 3 44 249 204 279 340 463 495 
2 3 44 249 204 279 340 463 495 
2 3 48 252 204 288 353 480 516 
2 3 48 252 204 288 353 480 516 
2 3 52 257 204 316 387 527 570 
2 3 52 257 204 316 387 527 570 
2 3 56 259 203 323 394 537 580 
2 3 56 259 203 323 394 537 580 
2 3 56 260 204 316 387 527 571 
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A B C D E F G H I 
2 3 60 266 204 322 401 540 597 
2 3 60 263 203 325 400 542 592 
2 3 60 266 204 322 401 540 597 
3 1 20 231 210 154 174 244 256 
3 1 20 252 232 79 117 150 176 
3 1 24 233 209 176 200 278 290 
3 1 28 239 210 194 229 313 332 
3 1 32 242 210 200 242 330 355 
3 1 36 239 201 261 307 419 437 
3 1 40 251 210 236 291 397 433 
3 1 44 253 209 258 319 433 471 
3 1 48 251 202 296 361 490 526 
3 1 52 263 210 272 339 460 510 
3 2 20 229 208 148 170 236 249 
3 2 20 229 208 148 170 236 249 
3 2 24 232 208 177 199 280 290 
3 2 28 231 202 214 244 337 349 
3 2 28 231 202 214 244 337 349 
3 2 32 233 201 236 269 373 384 
3 2 32 239 207 215 254 346 367 
3 2 36 239 202 254 299 406 425 
3 2 36 239 201 261 307 419 437 
3 2 36 239 202 254 299 406 425 
3 2 40 233 193 293 336 466 481 
3 2 40 233 193 293 336 466 481 
3 2 44 249 205 273 332 453 485 
3 2 44 239 195 305 358 491 513 
3 2 56 261 205 311 381 520 566 
3 2 56 261 205 311 381 520 566 
3 2 60 254 194 378 457 625 667 
3 2 60 263 202 332 409 553 603 
3 3 20 229 209 141 162 225 238 
3 3 24 234 210 176 200 278 290 
3 3 24 234 210 176 200 278 290 
3 3 24 233 209 176 200 278 290 
3 3 28 239 209 201 238 324 343 
3 3 28 239 209 201 238 324 343 
3 3 28 239 210 194 229 313 332 
3 3 32 241 209 205 247 335 358 
3 3 32 241 209 205 247 335 358 
3 3 32 241 209 205 247 335 358 
3 3 36 245 210 216 263 359 388 
3 3 40 249 209 240 295 402 434 
3 3 40 249 209 240 295 402 434 
3 3 40 249 210 233 286 391 423 
3 3 44 253 209 258 319 433 471 
3 3 44 253 209 258 319 433 471 
3 3 48 257 209 277 342 466 509 
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3 3 48 257 209 277 342 466 509 
3 3 48 257 209 277 342 466 509 
3 3 56 257 201 337 411 561 603 
3 3 56 257 201 337 411 561 603 
3 3 56 266 210 276 347 468 525 
3 3 60 255 195 380 460 628 672 
3 3 60 253 193 375 455 621 662 
3 3 60 267 210 277 347 468 525 
4 1 20 229 206 165 189 263 276 
4 1 24 229 205 174 199 276 289 
4 1 24 229 205 174 199 276 289 
4 1 24 229 205 174 199 276 289 
4 1 28 233 205 209 237 329 341 
4 1 28 233 205 209 237 329 341 
4 1 32 239 206 225 265 361 381 
4 1 32 236 204 231 267 367 380 
4 1 32 236 204 231 267 367 380 
4 1 36 241 205 236 284 386 409 
4 1 36 242 206 231 278 378 404 
4 1 44 249 205 273 332 452 485 
4 1 48 249 201 300 364 497 528 
4 1 48 252 204 288 352 480 516 
4 1 48 253 205 291 356 484 522 
4 1 52 258 206 301 369 504 547 
4 1 52 254 202 321 391 529 569 
4 1 52 254 202 321 391 529 569 
4 1 56 251 195 347 420 575 614 
4 1 56 260 204 316 387 527 571 
4 1 60 266 205 316 393 530 587 
4 1 60 263 202 332 409 553 603 
4 1 60 263 202 332 409 553 603 
4 2 20 229 206 165 189 262 276 
4 2 20 229 206 165 189 262 276 
4 2 20 229 206 165 189 262 276 
4 2 24 229 204 180 207 286 299 
4 2 24 229 204 180 207 286 299 
4 2 28 233 205 209 237 329 341 
4 2 28 233 205 209 237 329 341 
4 2 28 232 204 209 236 330 340 
4 2 32 236 204 231 267 367 380 
4 2 32 239 205 234 275 375 394 
4 2 32 236 204 231 267 367 380 
4 2 36 241 205 238 284 386 409 
4 2 36 240 204 242 287 390 410 
4 2 36 240 204 242 287 390 410 
4 2 40 245 205 256 309 421 450 
4 2 44 249 204 279 340 463 495 
4 2 44 249 205 273 332 453 485 
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4 2 44 249 204 279 340 463 495 
4 2 48 253 205 291 356 484 522 
4 2 48 252 204 288 353 480 516 
4 2 48 252 204 288 353 480 516 
4 2 52 257 205 310 379 517 560 
4 2 52 257 205 310 379 517 560 
4 2 56 260 204 316 387 527 57 1 
4 2 56 260 204 316 387 527 571 
4 2 56 260 204 316 387 527 571 
4 2 60 263 202 332 409 553 603 
4 2 60 263 202 332 409 553 603 
4 2 60 261 201 338 413 564 609 
4 3 24 229 204 180 207 286 299 
4 3 24 229 204 180 207 286 299 
4 3 24 229 204 180 207 286 299 
4 3 28 232 204 209 236 330 340 
4 3 28 232 204 209 236 330 340 
4 3 28 232 203 216 243 340 350 
4 3 32 236 204 231 267 367 380 
4 3 32 236 204 231 267 367 380 
4 3 32 235 204 228 263 361 374 
4 3 36 240 204 242 287 390 410 
4 3 36 240 204 242 287 390 410 
4 3 36 239 203 247 290 395 414 
4 3 44 249 204 279 340 463 495 
4 3 44 249 204 279 340 463 495 
4 3 44 249 204 279 340 463 495 
4 3 48 251 203 289 352 479 515 
4 3 48 251 203 289 352 479 515 
4 3 48 251 203 289 352 479 515 
4 3 52 257 204 316 387 527 570 
4 3 52 255 203 322 392 532 573 
4 3 56 260 204 316 387 527 571 
4 3 56 260 204 316 387 527 571 
4 3 56 260 204 316 387 527 571 
4 3 60 263 202 332 409 553 603 
4 3 60 263 202 332 409 553 603 
4 3 60 261 201 338 413 564 609 
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1982 Temperature r::ata 
DATA FIELD KEY 
VARIABLE NAME FIELD 
JULIAN DATE A 
'IW(}-HOUR INl'ERVALS (sta&ting at 0800 hours) B-M 
· Maximum temperature 0F 1 Mininum1 temperature F 2 
...... 
w w 
A Bl B2 Cl C2 DI D2 El E2 Fl F2 GI G2 HI H2 II 12 Jl J2 Kl K2 LI 12 Ml M2 
192 60 59 59 58 58 58 59 57 65 59 69 65 73 69 76 72 76 75 75 68 68 64 64 59 
193 59 57 57 57 59 57 66 59 72 66 77 72 80 77 83 80 83 81 81 74 74 65 65 62 
194 62 58 58 57 57 55 65 56 74 65 78 74 79 78 71 78 82 78 78 74 74 70 70 67 
195 68 66 67 64 64 61 66 61 72 66 75 72 78 75 79 77 80 77 78 74 74 70 70 68 
196 68 67 67 66 67 66 68 66 72 68 79 72 82 78 79 68 75 72 74 71 71 67 67 65 
197 65 64 64 63 64 63 65 64 69 65 77 69 79 77 83 79 84 83 84 81 81 76 76 75 
198 75 74 74 74 74 72 74 72 78 74 83 78 84 84 84 82 84 81 81 78 78 63 66 66 
199 66 64 65 64 64 62 64 62 66 64 68 66 68 66 71 67 75 71 75 73 73 68 68 65 
200 65 64 64 62 63 62 66 63 68 66 75 68 78 75 80 77 82 80 83 78 78 71 71 67 
201 67 66 66 66 66 64 72 64 78 72 81 78 84 81 84 81 82 78 78 75 75 74 74 71 
202 71 70 70 67 67 64 69 64 72 69 77 71 80 77 81 78 81 80 79 74 74 68 68 65 
203 65 63 63 61 61 60 68 60 76 68 79 76 81 78 82 79 82 78 80 74 74 68 68 65 
204 65 62 62 60 61 60 68 61 74 68 77 74 80 77 80 78 80 78 78 72 72 68 68 65 
205 65 63 63 61 61 58 64 58 74 64 77 74 78 77 80 78 80 79 78 72 72 68 68 66 
206 66 61 62 61 62 62 68 62 77 68 83 77 85 83 85 84 84 82 82 76 76 71 71 69 
207 69 66 66 64 64 61 73 61 79 73 83 79 83 83 87 85 83 83 83 78 78 73 73 73 
208 73 71 71 69 69 68 69 68 73 69 71 70 76 71 81 71 81 78 77 73 73 67 67 64 
209 64 62 62 60 60 58 65 58 75 65 80 75 82 80 82 81 81 80 81 75 75 69 69 67 
210 67 67 67 63 63 61 66 61 74 66 78 74 81 79 82 80 80 79 79 71 71 64 64 62 
211 62 59 59 57 57 56 63 56 69 63 73 69 77 73 80 76 77 76 77 71 71 63 63 60 
212 60 58 58 56 56 55 64 55 74 64 79 74 81 79 82 81 82 82 82 75 75 71 71 69 
213 69 67 67 64 64 63 69 63 73 69 80 73 82 79 84 81 84 77 84 82 82 77 77 76 
214 76 72 72 70 71 68 75 68 83 75 88 83 90 88 90 90 90 89 89 82 82 78 78 77 
215 77 74 74 72 72 72 77 71 84 77 89 84 91 89 93 91 92 91 91 86 86 82 82 79 
216 80 78 79 76 76 71 71 70 70 68 75 69 74 72 79 73 81 76 81 77 77 75 75 73 
217 73 69 69 68 68 68 69 68 74 69 79 74 79 76 81 78 81 81 81 76 76 73 73 72 
218 72 71 71 70 70 69 70 69 74 70 74 73 75 74 77 74 76 73 73 73 73 71 71 70 
219 71 70 70 70 70 69 71 69 75 72 79 75 82 79 84 73 84 83 83 77 77 72 72 70 
220 70 68 68 66 66 65 67 65 73 67 75 73 77 75 78 77 78 77 77 73 73 64 64 62 
221 62 60 60 59 59 56 62 56 67 62 70 67 69 69 71 68 68 65 65 61 61 60 60 59 
222 59 57 57 56 57 56 57 57 63 57 70 63 70 68 72 69 72 69 70 66 66 57 57 53 
223 53 50 50 47 47 46 54 46 66 54 70 66 72 70 73 72 73 72 72 65 65 60 60 58 
224 58 55 55 53 53 53 60 53 67 60 70 67 72 70 73 71 72 69 69 67 67 64 64 63 
225 63 62 63 63 63 63 64 63 68 64 68 68 71 68 74 71 76 74 76 74 74 70 70 68 
A Bl B2 Cl C2 Dl D2 El E2 Fl F2 Gl G2 Hl H2 11 12 Jl J2 Kl K2 Ll 12 Ml M2 
226 68 68 68 68 68 68 68 67 70 68 75 70 75 74 75 74 73 72 72 70 70 68 68 67 
227 67 66 66 66 66 66 66 66 68 66 70 68 73 70 76 73 77 75 76 73 73 71 71 71 
228 71 69 69 67 67 63 66 63 75 66 79 75 82 79 83 80 83 81 81 75 7S 68 68 6S 
229 6S 63 63 62 62 61 66 61 76 66 80 76 84 81 86 84 86 82 82 78 78 70 70 68 
230 68 65 6S 64 64 63 68 64 76 68 81 76 81 80 83 81 82 81 81 7S 7S 72 72 71 
231 71 69 69 68 68 68 71 68 76 71 82 76 8S 82 83 81 82 81 84 82 82 78 78 7S 
232 7S 73 73 72 72 68 68 67 74 68 79 74 81 79 82 81 82 80 80 73 73 66 66 61 
233 61 S8 S8 S6 S6 SS SS S4 70 SS 77 70 81 77 83 81 83 79 79 73 73 67 67 66 
234 66 66 67 66 67 67 67 64 74 6S 79 74 81 77 82 79 82 79 79 72 72 63 63 60 
23S 60 S9 60 59 61 60 63 61 73 63 79 73 82 79 83 82 83 81 81 72 72 67 67 66 
236 66 6S 6S 64 65 64 6S 64 66 6S 72 66 72 70 73 71 71 69 69 62 62 S9 59 S7 
237 S7 54 S4 S2 52 51 S8 Sl 70 S8 77 70 80 77 81 79 80 77 77 66 66 64 64 60 
238 60 59 S9 S8 S8 S8 61 S8 67 61 73 67 77 73 78 77 78 76 76 68 68 6S 65 6S 
239 65 64 6S 64 6S S8 S8 S2 61 S6 6S 61 67 64 69 67 68 67 67 S9 S9 Sl Sl 48 
240 48 47 47 46 46 4S 50 45 62 50 66 61 70 66 72 70 72 71 71 66 66 66 66 64 
241 64 64 64 64 64 63 63 63 68 63 7S 68 75 73 73 68 68 67 67 64 64 64 64 64 
242 64 64 64 64 64 63 63 63 64 63 67 64 71 67 73 71 73 70 70 67 67 65 65 6S 
243 65 65 6S 65 65 64 64 64 67 64 75 67 77 66 80 77 79 77 77 73 73 71 71 70 
244 70 70 70 69 70 66 70 66 7S 70 79 75 81 79 82 81 82 78 78 68 68 65 65 64 
24S 64 60 63 62 63 58 63 58 71 63 74 71 75 74 7S 73 74 71 71 61 61 S7 S7 S4 
246 54 S3 53 S3 53 52 59 52 69 59 74 69 76 74 76 76 76 74 74 65 65 60 62 S8 
247 58 55 S5 54 54 52 60 52 72 60 77 72 81 77 82 81 82 79 79 70 70 69 69 68 
248 68 66 66 6S 6S 6S 70 6S 73 70 74 74 78 74 79 76 76 72 72 70 70 69 69 68 
249 68 68 68 67 67 67 67 67 68 67 68 68 69 66 66 6S 6S 63 63 60 60 S9 S9 S9 
2SO S9 58 S9 S8 S9 S9 60 S9 62 60 6S 63 64 64 6S 64 6S 64 64 61 61 S9 S9 S7 
2Sl S7 S4 SS S4 S7 SS S9 57 61 59 63 61 72 63 7S 72 75 73 73 68 68 65 65 64 
252 64 63 63 61 61 61 64 61 73 64 78 73 78 76 81 78 79 76 76 72 72 70 71 70 
253 71 71 71 69 69 69 71 68 76 71 81 76 83 81 84 83 83 79 79 71 71 71 71 68 
2S4 69 67 67 66 66 66 68 66 77 68 82 77 85 82 86 85 85 80 80 74 74 72 72 71 
2S5 71 68 68 67 69 67 71 69 76 71 80 7S 82 78 83 80 83 80 80 76 76 67 68 67 
2S6 67 66 66 66 66 66 66 S8 64 58 66 64 69 66 68 63 63 61 61 60 60 60 60 S8 
257 58 57 57 57 58 S7 S8 58 S9 S8 62 S9 63 62 64 63 63 61 61 60 60 60 60 S9 
258 59 58 S8 56 56 S4 S5 S4 S6 5S S7 SS 60 57 S9 59 60 S6 56 48 48 46 46 4S 
2S9 4S 44 46 44 47 46 49 47 52 49 SS S2 58 5S 59 S8 S8 S7 58 56 S6 56 S7 56 
..... 
w 
U1 
A Bl B2 Cl C2 Dl D2 El E2 Fl F2 Gl G2 Hl H2 11 12 Jl J2 Kl K2 Ll 12 Ml M2 
260 58 57 58 58 59 58 60 59 60 59 60 59 61 60 62 61 62 60 60 56 56 52 52 49 
261 49 48 48 46 46 42 50 41 60 50 66 60 70 66 70 68 70 66 66 54 54 50 50 49 
262 49 48 48 46 47 45 56 46 61 56 70 60 72 69 71 68 69 60 60 54 55 47 47 43 
263 44 43 48 44 48 48 50 48 54 50 55 49 58 54 58 56 56 51 51 42 42 38 38 36 
264 36 35 35 34 34 33 42 33 56 42 60 56 63 60 63 63 63 58 58 46 46 41 41 40 
265 40 38 38 36 36 34 48 34 61 48 65 61 67 65 68 67 67 59 59 54 54 53 54 53 
266 54 52 53 52 53 51 55 50 66 55 72 65 78 72 79 78 78 70 70 61 61 58 58 54 
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Dl\TA FIELD KEY 
VARIABLE NAME 
JULIAN Dl\TE 
Dl\ILY T™PERA'IURES 
Maximum 
Minimum 
FIELD 
A 
B 
c 
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A B c 
202 95 76 
203 98 72 
204 86 70 
205 80 62 
206 85 59 
207 85 62 
208 92 63 
209 96 70 
210 88 71 
211 90 69 
212 84 65 
213 83 60 
214 90 76 
215 87 70 
216 90 66 
217 88 67 
218 89 63 
219 89 62 
220 90 58 
221 88 59 
222 94 65 
223 79 56 
224 81 54 
225 87 57 
226 91 66 
227 91 65 
228 97 71 
229 92 74 
230 96 72 
231 101 77 
232 97 77 
233 97 81 
234 87 77 
235 86 76 
236 97 79 
237 96 83 
238 96 81 
239 91 75 
240 94 71 
241 96 77 
242 92 71 
